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ABSTRACT
A study was conducted in a Louisiana coastal marsh to 
determine the ecological impact of the insect growth regulator 
Dimilin (1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)-urea) on popu­
lations of non-target aquatic organisms.
The macroscopic aquatic organisms collected and identified 
from the marsh habitat included representatives of 3 phyla, 6 
classes, 17 orders, 46 families and more than 75 genera. The sea­
sonal distribution, habitat preference and population density for 
the aquatic organisms were established based on an 18-month collec­
tion period.
The method of collecting and processing environmental 
samples effectively provided quantitative and qualitative data.
The experimental design was extremely sensitive and enabled the 
detection of statistical differences as small as a fraction of one 
insect between the treated and untreated populations of aquatic 
organisms. The methodology used was efficient, effective and 
inexpensive.
Six applications of Dimilin (28 mg Al/ha) over an 18-month 
period produced statistically significant differences in aquatic 
organisms when treated and untreated populations were compared. 
Populations of 5 taxa (nymphs of Trichocorixa louisianae Jaczewski; 
Buenoa spp. and Coenagrionidae, Berosus infuscatus LeConte (adults),
and Hyalella azteca (Saussure) were significantly (P<0.01) reduced 
while populations of 14 taxa (Physa sp. (snails), Caenis sp. and 
Callibaetis s p .  (nymphs), Noteridae (larvae), Hydrovatus cuspidatus 
Kunze (adults), Hydrovatus sp. (larvae), the Bidessine (larvae), 
Mesovelia mulsanti Jaczewski (adults), Trichorcorixa louisianae 
(adults), dipterous larvae of the families Chironomidae, Ephydridae, 
Dolichopodidae and Tabanidae and the fish Gambusia affinis (Baird 
and Girard) and Jordanella floridae (Goode and Bean) were signifi­
cantly (PC 0.05 - 0-01) increased after exposure to Dimilin. The 
remaining taxa analyzed indicated no statistically significant 
(F>0,05) difference when the treated and untreated populations 
were compared.
x
INTRODUCTION
Recent concern for man's environment has produced a 
growing demand for quantitative and qualitative data on the effects 
of the chemicals labeled, recommended and used to control pest 
insect species. Of particular concern are those which are fre­
quently applied over large aquatic or semiaquatic areas.
Cultural practices and permanent mosquito abatement 
procedures have been limited in the inhabited marshlands of 
Louisiana due to fish and wildlife interests. The use of econo­
mical and effective chemicals to control mosquitoes of medical and 
veterinary importance will continue in these coastal areas where 
permanent mosquito control (source reduction) practices cannot 
be utilized.
Many chemicals have been used effectively to control 
mosquitoes; however, resistance, adverse impact on non-target 
species, and pesticide residue problems have emphasized the need 
for compounds which can provide control yet cause the least adverse 
effect on the ecosystem to which they are applied. To date, there 
have been few comprehensive studies of the effects of mosquito 
control agents on aquatic organisms in coastal marsh habitats. 
Available information generally consists of incidental observations 
made during studies of the effects of pesticides on mosquitoes or 
fish. Therefore, the effects of the control agents must be
2identified so that careful consideration of their effects on non­
target aquatic organisms can be evaluated when control programs are 
planned and implemented.
The present study was conducted in a Louisiana coastal 
marsh to determine the impact of the insect growth regulator, Dimilin 
(l-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)-urea) on aquatic 
organism populations in this Louisiana coastal marsh habitat.
In order to accomplish this objective, two intermediate goals 
were essential. They were to: (1) develop an effective, efficient
method for determining the environmental impact of chemicals 
applied to aquatic marshland habitats to control mosquitoes, and 
(2) identify and determine the seasonal distribution and popula­
tion density of the macroscopic aquatic organisms contained in 
that marsh habitat.
REVIEW OF LITERATURE
Dimilin
General
Chemical substances that control the development or 
growth of insects have been recognized for several decades. 
Wigglesworth (1950) cited literature which indicated that chemical 
substances, called hormones, had been discovered in insects as 
early as the 1930's. Williams (1956) isolated specific hormones 
from a number of insects and determined their specific roles. In 
the 1960's, researchers began to identify and synthesize these 
natural hormones (Karlson 1963, Roller et al. 1967, Dahm et al. 
1967). Doane (1973) reported that other chemical compounds also 
had hormonal activity when applied to insects. These data initiated 
the rapid synthesis of many compounds that were tested for their 
physiological effects on insects. These compounds have been given 
such names as insect juvenile hormones, insect hormone mimics, 
insect developmental inhibitors, and insect growth regulators.
The term "insect growth regulator" will be used in this manuscript.
Synthesis and development
Wellinga et al. (1973a, 1973b) reported the synthesis and 
evaluation of a large number of l-(2,6 disubstituted benzoyl)-3- 
phenylurea compounds. From these screening studies, the authors
3
4selected 1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)urea for green­
house and field trials because it showed promising larvicidal 
activity on a variety of insect species and it was rather stable 
in soil and water. This chemical has been identified by the 
experimental code names PH 60-40, TH6040, ENT-29054 and OMS 1804.
It has recently been given the registered name D i m i l i n ^  . Dimilin 
was developed by the scientific research team of Philips-Duphar
B. V. of the Netherlands and is being developed for market in the 
United States by the Thompson Hayward Chemical Company.
Mode of action
Dimilin interferes with the formation of the insect's 
cuticle and appears to be effective only per os (Jakob 1973, Wright 
1974). Mulder and Gijswijt (1973) showed that larvae of Pieris 
brassicae Linnaeus injected with Dimilin appeared normal until the 
apolytic stage, at which time the molting process was somehow 
affected. The authors observed that the death of the larva was 
associated with ecdysis. Further investigations revealed a dramatic 
decrease in the chitin level but not in the protein content of the 
larval cuticle (Ishaaya and Casida 1974, Hunter and Vincent 1974). 
Ishaaya and Casida (1974) analyzed the cuticle of Musca domestica 
Linneaus larvae treated with various levels of Dimilin for 
structural components (chitin and protein) and enzymes involved 
in cuticle formation (chitinase and phenoloxidase). As the
5concentration of Dimilin increased, the amount of chitin was 
progressively reduced so that at 2.5 ppm Dimilin, the chitin level 
was only 25% of normal. The amount of cuticle protein was 
unaffected. The alteration of the protein:chitin ratio affected 
the elasticity and firmness of the endocuticle. As the dietary 
levels of Dimilin were increased, the cuticle chitinase and cuticle 
phenoloxidase activity increased substantially. These enzyme 
changes affected the buildup or maintenance of the cuticle chitin 
and enhanced sclerotization of the exocutible. The authors 
concluded that Dimilin softened the endocuticle through reduction 
of its chitin content and hardened the exocuticle as a result of 
increased phenoloxidase activity.
Post et al. (1974) reported that virtually no accumulation 
of N-acetyl glucosamine occurred after treatment with Dimilin. 
Dimilin, therefore, had interfered with the polycondensation step 
that lead to chitin by blocking the enzymes completely.
The exact role Dimilin plays in the pathway of chitin 
synthesis from trehalose to (N-acetyl-d-glucosamine)^^ is still 
not known. However, it appears that the new cuticle of a larve 
treated with Dimilin is unable to withstand the increased turgor 
that occurs during ecdysis and/or fails to provide sufficient 
support to the muscles involved in ecdysis. The latter results in 
an inability of the treated larva to cast its exuviae. The larva
0Chen dies either from a rupture of the new, delicate, malformed 
cuticle, or by starvation (Jakob 1973, Anonymous 1974).
Sensitivity
The period of sensitivity of larvae of Culex pipiens 
quinguefasciatus Say to Dimilin was investigated by Georghiou and 
Lin (1975). A brief exposure of larvae of different ages to Dimilin 
revealed four peaks in sensitivity which were concurrent with ecdy­
sis. The sensitive period of 4th instar larvae and pupae began 
about 15 hr before pupation and continued for 2 hr after pupation.
Variations in susceptibility to Dimilin between various 
stages of mosquito larvae have been observed. Later instars of 
Culex nigripalpus Theobald and Aedes taeniorhynchus (Wiedemann) 
exhibit about a 3-fold decrease in susceptibility when compared 
to earlier instars (Rathburn and Boike 1975). This phenomenon 
has been reported in Aedes vexans (meigen) and the Culex pipiens 
complex (Anonymous 1974) and in Culex tarsalis Coquillett by 
Schaefer et al. (1974). The latter authors demonstrated that
C. tarsalis pupae were insensitive to Dimilin except at concentra­
tions of 1.0 ppm or greater.
Resistance
Georghiou and Lin (1975) reported that susceptible, 0P- 
resistant, and Methoprene selected populations of C. tarsalis were
7equally sensitive to Dimilin, but a C. quinquefasciatus popula­
tion resistant to organophosphates or carbamates exhibited a 
slight tolerance to Dimilin (1.5X-2.3X).
Properties
Dimilin's physical and chemical properties are outlined as 
follows (Anonymous 1974):
y Fl H H
■‘O-s — s-O1. Structural formula: ( y - C * - N - C - N - (  } - Cl
S F1 0 0
2. Empirical formula: C^Hg^C^FI^CL.
3. Solubility: Water 20°C - 0.2 ppm
4. Stability: Water - Stable at pH 2-8; unstable at pH 12
Soil - Half life is about 2 mo
5. Photodecomposition: Technical Dimilin shows no decom­
position after 24 hr exposure to 
MLU 300 W lamp at 15 cm. In 
solution at 0.13 ppm, there was a 
137» decomposition in Xenon Arc 
light after 92 hr
6. Thermal stability: Less than 2° deterioration after
1 week at 50° C or after 1 day 
at 100° C.
87. Stability in water: pH 6-8 for 1 day <  27c.
pH 12 for 1 day 12%
pH 12 for 1 week 76%
8. Toxicity: LDgg formulated compound
a. rats and mice >  10,000 mg/Kg
b. fish and oysters >■ 130-250 ppm at
96 hr
c. quail and duck 4640 ppm at 8 day
dietary
Persistence
Schaefer et al. (1974) reported that bioassay of water 
from plots treated at a rate of 28 gm Al/ha showed that the Dimilin 
content of the field water had declined to 31%, activity by 24 hr 
post treatment, and 0%, activity was present at 48 hr. Miura and 
Takahashi (1975) reported that bioassay of water samples from
pastures treated with Dimilin indicated that at rates of 22.4 and
44.8 gm Al/ha, the mortality of water fleas, Moina spp. and 
Ceriodaphnia spp. after 72 hr exposure was 31.2% and 74.7%., 
respectively. Schaefer et al. (1975) observed that viable pupae 
of Aedes nigromaculis (Ludlow) and A. melanimon Dyar were present 
in water sites about (ca) 7 days after the sites had been treated 
with 44.8 gm Al/ha. Mulla et al. (1974) reported that complete 
inhibition of adult emergence occurred in Culex larva isolated
9from experimental ponds 5 days after treatment with 28 gm Al/ha.
No inhibition was observed in larvae that were isolated 10 days 
after the ponds had been treated.
Mulla and Darwazeh (1975b) evaluated the efficacy and 
longivity of different Dimilin formulations in the laboratory and 
in the field. Dimilin inhibited adult C. tarsalis emergence for 
15-18 days when applied as a granule at a rate of 56 gm Al/ha.
These data indicate that formulation may affect the persistence 
of a particular treatment in a particular situation.
Environmental fate
The degradation and environmental fate of Dimilin was 
evaluated by Metcalf et al. (1975) in a laboratory model ecosystem. 
They reported recovering the following percentages of total
3
extractable H-radiolabeled Dimilin from these organisms: 
Oedoganium sp. (algae) (74%), Physa sp. (snail) (965), Culex sp. 
(mosquito larvae) (95%) and Gambusia sp. (fish) (17.5%). They 
concluded that little ecological magnification occurred in the 
food chain, since the lowest concentrations of Dimilin obtained 
were in fish. The ecological magnification was about 40X greater 
in Culex mosquito larvae than in predatory mosquitofish (Gambusia 
sp.). From their studies, it appeared that Dimilin did not con­
centrate in fish through the food chain, as had been reported to 
occur with many chloronated hydrocarbon insecticides. They
10
indicated that this difference was partly a reflection of the lower 
lipid solubility and partition coefficient of Dimilin as compared 
to the chloronated hydrocarbon compounds. In the ecosystem they 
studied the key degradation products were 2, 6-diflorobenz-amide 
and 2, 6-difluorobenzoic acid.
Impact of Dimilin on Selected Organisms
Target Culicidae
Several authors have published data which indicate the 
susceptibility of various mosquito species to Dimilin. Jakob
(1973) reported LC-95 (inhibition of development) values for 5 
species of mosquitoes that ranged from 0.005 ppm for Aedes aegypti 
(Linneaus) to 0,001 ppm for Anopheles albimanus (Wiedemann).
Hsieh and steelman (1974) evaluated the toxological response of 
12 medically important species to 5 insect growth regulators. 
Dosage-raortality data revealed that the susceptibility of each 
mosquito species varied as much as 10,000X between compounds. 
However, all 12 species studied were more susceptible to Dimilin 
than to the other 4 chemicals tested (Monsanto-0585 (2,6-di-t, 
butyl-4-(a,a-dimethyl benzyl) phenol); Methoprene; Stauffer-R- 
20458 (l-(4-ethyl phenoxy-6,7-epoxy-3,7-dimethyl-2-octene)); and 
Hercules-24108 (3-Butyn-2-yl N-(p-chlorophenyl) carbamate) . 
Laboratory susceptibility (LC-90) to Dimilin ranged from 0.00064
11
ppm for £. p_. guinouefasciatus to 0.003833 ppm for Psorophora 
columbiae (Cyar and Knab) ( = P. confinnis (Lynch Arribalzaga)).
Lower et al. (1975) reported LC-90 values for the following species: 
A. albimamis. 0.0098 ppm; Anopheles quadrimaculatus Say, 0.004 ppm; 
Aedes taeniorhynchus (Wiedemann), 0.0018 ppm. Hsieh and Steelman
(1974) determined the LC-90 values for the latter two species as 
0.000086 and 0.000045 ppm, respectively.
In field tests, the 25% WP formulation of Dimilin has been 
most often tested and this formulation will be the one referred to 
in the remainder of this manuscript unless otherwise stated,
Steelman et al. (1975) reported 100% control of P. columbiae 
populations in Louisiana rice fields with aerial applications of 
Dimilin at a rate of 28 gm Al/ha. Complete control of 3rd instar 
larvae of this species in rice plots was obtained with concentra­
tions as low as 11.2 gm Al/ha. Mulla and Darwazeh (1975a) achieved 
control of P. columbiae in southern California irrigated pastures 
with rates as low as 56 gm Al/ha. Mixed populations of Aedes 
nigromaculis Ludlow and A. melanimon Dyar were controlled by Schaefer 
et al. (1975) under similar conditions with 28 gm Al/ha.
Rathburn and Boike (1975) obtained good results on 
Aedes taeniorhynchus with 22.4 gm Al/ha in small field plots in 
Florida. Mulla et al. (1975a) reported that Dimilin (28 gm
12
Al/ha) inhibited emergence of C, tarsalis for at least 11 days 
in small (0.003 ha) experimental ponds.
Other target species
Dimilin is presently being evaluated as a control agent
for a number of economically important pests and/or disease vectors.
Jakob (1973) was the first to evaluate Dimilin for the control of
the housefly, M. domestica. Concentrations as low as 0.25 ppm in
CSMA media gave in excess of 90% mortality. At concentrations of
5 ppm and greater, all larva died prior to reaching the pupal stage.
Similar results were obtained by Abies et al. (1975) with 10 ppm
in the CSMA ration. They observed no effect on the emergence or
the ability of the parasitoid Muscidifurax raptor Girault and
Sanders to parasitize its host.
Miller et al. (1974) reported that when laying hens were
fed Dimilin for housefly control in poultry houses, complete control
was obtained at levels of 12.5 ppm but the eggs had residue levels
as high as 1,0 ppm.
Miller (1974) reported 100% control of housefly and
facefly (Musca antumnalis DeGeer) larvae when Dimilin was fed to
cattle at 1 mg/kg body weight. Wright (1974) in laboratory tests
successfully prevented the emergence of the housefly and the stable-
fly Stomoxys calcitrans Linnaeus with topical applications of 
2
10.76 mg/m to surface breeding areas. However, in cattle feed
13
2
lots and waste water treatment facilities, 538.2 mg/m were 
required to achieve 90% control of houseflies. Wright (1975) 
reported inhibition of housefly development in feces of cattle 
that consumed mineral blocks which contained 0.1% Dimilin.
Three weeks of continuous treatment were required to achieve 
97% inhibition of adult emergence.
Moore and Taft (1974) reported that the boll weevil 
Anthonomus grandis Boheman was susceptible to Dimilin which pre­
vented the hatch of eggs and/or adversely affected larval develop­
ment when Pj adults ingested it or had contact with it. Taft and 
Hopkins (1975) further demonstrated that a 98% reduction in adult 
emergence of boll weevils from infested squares occurred after the 
parent generation had been exposed to a sprayable invert sugar 
bait containing Dimilin,
Greater than 70% mortality occurred in alfalfa weevil 
Hypera postica (Gyllenhal) populations after alfalfa plots had 
been treated at a rate of 1.12 kg Al/ha (Neal 1974). Smaller 
adult weevils were observed after the treatment and the author 
suggested that Dimilin acted as an antifeeding stimulant or could 
have prematurely terminated larval development. This effect was 
contrary to the reported activity of synthetic juvenile hormones.
Turnipseed et al. (1974) reported that Dimilin afforded 
adequate initial and excellent residual control of several important
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soybean insects when used as a foliar application. The velvet bean 
caterpillar, Anticarsia gemmatalis Hubner, was controlled with a 
single application of 75 gm Al/ha. The soybean looper,
Pseudoplusia includens (Walker), and the green clover worm, 
Plathypena scabra (Fabricius) were controlled with 562 gm Al/ha. 
Granett and Dunbar (1975) obtained adequate protection of apple 
trees from the gypsy moth, Porthetria dispar (Linnaeus) after 
mist blower applications of Dimilin at a rate of 375 mg Al/liter 
of water. They reported that adverse effects on the parasitoid, 
Apanteles melanoscelus (Rat2eburg), within the gypsy moth host 
were observed. Granett and Weseloh (1975) confirmed the adverse 
effect of Dimilin on this parasitoid but concluded that Dimilin 
could still be used effectively in an integrated control program.
Ephemeroptera and Odonata
Dimilin caused 50% mortality when mayfly nymphs 
(Callibaetis sp. and Siphlonurus sp.) were exposed to 0.002 
ppm for 168 hr. The nymphs were ca 2 more tolerant than
C. tarsalis larvae (Miura et al. 1975). Dimilin caused ca 
90% mortality to Callibaetis nymphs exposed to a 0.01 ppm 
concentration (Miura and Takahashi 1974a). Mulla et al. (1975b) 
showed that mayfly nymph (Baetis sp.) populations were depressed 
in a 0.003 ha pond that had been treated with Dimilin at a rate of 
28-56 gm Al/ha, Most populations recovered to pre-exposure levels
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ca 2 weeks after treatment. Similar results were reported by 
Miura and Takahashi (1975) in tests conducted in irrigated 
pastures that were treated with 28 gm Al/ha. Repeated applications 
on the same pasture failed to eliminate the populations.
Steelman et al. (1975) reported that no significant 
reduction (P>0.05) in mayfly populations occurred in rice plots 
that had been treated with various concentrations (1.0 - 280 gm 
AX/ha) of Dimilin. In fact, significantly more (P<0.01) Baetidae 
nymphs were collected from the treated plots than from the untreated 
plots. These data indicated a highly significant difference in the 
number of baetid nymphs that were collected in relation to the 
concentration of Dimilin used. Five times more nymphs were 
collected from the highest concentration (280 gm Al/ha) than the 
lowest (1.1 gm Al/ha).
Dimilin caused greater than 50% mortality to dragonfly 
nymphs when they were exposed to 0.01 ppm for 168 hr (Miura and 
Takahashi 1974a). Steelman et al. (1975) reported a highly signi­
ficant (P<0.01) reduction in libellulid nymphal populations in 
rice plots treated with Dimilin (1.1 - 280 gm Al/ha). Mulla et al. 
(1975b) observed "no effect" on odonate nymphs in 0.003 ha experi­
mental ponds treated with 28-56 gm Al/ha Dimilin.
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Hemiptera
Dimilin caused ca 30% mortality to nymphs of the back- 
swimmer (Notonecta sp.) after they had been exposed to 0.01 ppm 
for 72 hr. In artificial containers treated with 0.005 ppm 
Dimilin, backswimmer reproduction was suppressed with no eggs or 
nymphs being observed for 2 months post-treatment (Miura and 
Takahashi 1974a). In irrigated pastures that had been treated 
with 28 gm Al/ha, the corlxid and notonectid nymphs appeared to 
be affected, but mortality was so slight that population growth 
rate was not altered (Miura and Takahashi 1975). Miura et al.
(1975) reported that some nyraphal stages of corixid and notonectid 
(Notonecta sp. and Buenoa sp.) were affected after experimental 
ponds had been treated with Dimilin at a rate of 44.8 gm Al/ha. 
Steelman et al. (1975) reported no statistically significant 
difference (P >0.05) between treated (1.1 - 280 gm Al/ha) and 
untreated populations of adult and nymphal Notonecta sp. and 
Corixidae in rice plots.
Coleoptera
Miura and Takahashi (1974a) reported that Dimilin caused 
mortality in the following adult beetle species that were exposed 
to 0.25 ppm for 48+ hr: Dytiscidae (Thermonectus basillaris
(Harris) and Laccophilis spp.) and Hydrophilidae (Tropisternus 
lateralis (Fabricius). When Hydrophilus triangularis Say was
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exposed to 0.1 ppm for 58 hr, ca 30% mortality was observed. Mulla 
et al. (1975b) showed that dytiscid populations were "not seemingly 
affected" by Dimilin treatment, but the authors presented no data 
to support this general statement. Miura and Takahashi (1975) 
concluded that adult aquatic beetles (Laccophilus spp., Hydrophilus 
sp., and Tropisternus spp.) showed a "tolerance" in the 5 days 
following treatment (24 gm Al/ha) in irrigated pastures, but the 
population levels reported were low and erratic.
Steelman et al. (1975) observed a highly significant 
(P<0.01) reduction in Tropisternus spp. adult populations that 
had been exposed to Dimilin treatment when compared to untreated 
ones. This reduction in the adult population, 80 days post­
treatment, could have been a result of the larval or pupal 
mortality during the post-treatment period. No statistically 
significant (P>0.05) was detected between the treated and untreated 
populations of Thermonectus spp. adults.
Chironomidae
Dimilin caused ca 90% mortality to aquatic midge larvae 
(Chironomus spp., Goeldichirononomous sp., and Tanypus sp. ) after 
they had been exposed to 0.01 ppm for 168 hr (Miura and Takahashi 
1974a). Mulla et al. (1975b) reported no decline in populations 
of nectonic chironomid larvae in 0.003 ha experimental ponds during 
the 15 days after treatment (28-56 gm Al/ha). However, emergence
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of adult midges was depressed for 8-15 days post treatment,
Steelman et al. (1975) collected significantly (P^O.Ol) more
chironomid larvae in treated rice plots. A significant (P<0.01)
negative correlation indicated that the reduction in predators
(Libellulidae nymphs) may have been responsible for the increase
in chironomid larvae in the treated plots.
Several authors have reported successful control of
chironomid populations. Pelsue et al, (1975) applied Dimilin
2
at 0.05 ppm to 148 m test plots that were 0.6 m deep and 
observed ca a 40% reduction in chironomid populations which 
lasted but a "few days". However, at a concentration of 0.1 
ppm, adult emergence was initially reduced to "nearly zero", 
but recovered to pretreatment levels within 3 days. Mulla and 
Darwazeh (1975c) achieved complete inhibition of adult chironomid 
emergence for more than 3 days with 112 gm Al/ha. Mulla et al. 
(1975a) reported 100%, control of adult emergence for a period 
of 2-3 weeks when they treated 3.7 m deep man made residential 
recreational lakes with Dimilin at a rate of 112 gm Al/ha or 
0.003 pm.
Crustacea
Laboratory tests conducted by Miura and Takahashi (1974a) 
indicated that the tadpole shrimp Triops sp., clam shrimp, 
Eulimnadia sp., and water flea, Daphnia sp. suffered ca 50% 
mortality in 48 hr at 0.00075, 0.00015, and 0.0015 ppm Dimilin,
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respectively. The copepod, Cyclops sp., and the seed shrimp, 
Cypricerus sp. and Cypridopsis sp., exhibited less than 10% 
mortality when exposed to Dimilin concentrations of 0.01 and 0.5 
ppm, respectively. Susceptibility data (LC^q values after 24 h 
exposure to Dimilin) for the following organisms were reported 
by Miura and Takahashi (1974b): water fleas, 0.0018 ppm; clam
shrimp, 0.0038 ppm; and tadpole shrimp, 0.0064 ppm. Miura et al. 
(1975) reported that copepods and seed shrimp were 1000X more 
tolerant of Dimilin than £. tarsalis while water fleas were only 
ca 2%X more tolerant. In artificial containers treated with 
0.005 ppm Dimilin, Miura and Takahashi (1974a) observed that 
copepod and water flea populations were suppressed and reproduc­
tion was suspended for ca 2 weeks following treatment.
In small ponds (0.003 - 0.24 ha) treated with Dimilin at 
rates of 28-56 gm Al/ha, the populations of tadpole shrimp, clam 
shrimp, water fleas and copepods were temporarily suppressed but 
most populations recovered to pretreatment levels in ca 2 weeks 
(Miura and Takahashi 1974a, Miura et al. 1975, Mulla et al. 1975b).
Miura and Takahashi (1974a) observed "no adverse effect" 
(no data provided) on sideswimmer Hyalella azteca (Saussure) popu­
lations placed in artificial containers of water that had been 
treated with 0.005 ppm Dimilin. Miura et al. (1975) reported that 
the sideswimmer was 1000X more tolerant to Dimilin than C. tarsalis
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and recorded less than 507, mortality in those populations that were 
exposed to 0.8 ppm for 48 hr. In irrigated pastures treated with 
28 gm Al/ha, Miura and Takahashi (1975) reported that "the side- 
swimmers usually demonstrated a tolerance but the populations were 
sometimes suppressed." However, they provided no data to support 
this statement. The affected individuals were observed to die 
during post-treatment ecdysis.
Gambusia affinis (Baird and Girard)
The mosquitofish was reported by Miura et al. (1975) to 
be 1000X more tolerant to Dimilin than tarsalis, and no mortality
was observed in fish fry that were exposed to 100 ppm for 96 hr. 
Takahashi and Miura (1975) applied Dimilin (56 gm Al/ha) to 
experimental ponds at monthly intervals for five months and re­
ported "no visible adverse effect to the treated mosquitofish 
populations" (only graphed data provided). Similar unsupported 
results were reported by Miura and Takahashi (1974a) in laboratory 
studies with fish fry exposed to 1 ppm for 10 days. Miura et al. 
(1975) reported that mosquitofish "demonstrated tolerance" to 
Dimilin in small ponds that were treated with 44.8 gm Al/ha but 
their supporting data were poor.
Other aquatic organisms
Miura and Takahashi (1975) observed "no noticeable dele­
terious effect" (no supportive data reported) on turbellarians,
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Bothronmesostoma sp., rotifers, Asplanchna sp., and fresh water 
algae, Eudoria spp. , Volvox spp., Hydrodictgon sp., Pithophora 
sp., and Spriogyra spp. populations in irrigated pastures that had 
been treated with Dimilin at a rate of 28 gm Al/ha. Miura et al. 
(1975) reported spade foot toad tadpoles, Scaphiopus sp., to be 
"tolerant*’ to exposure to 5 ppm for 192 hr. Tadpole populations 
in treated (44.8 gm Al/ha) ponds did not show any "abnormal popu­
lation changes" (although supportive data were inconclusive).
Field Collection and Laboratory Processing of Samples
Improved methods of sampling aquatic populations were 
thought to be perhaps the most critical need in aquatic research 
today. All available techniques were inadequate or impractical 
for purposes of statistical analyses (Lattin 1973). Sampling 
techniques traditionally used in aquatic habitats included dredges,
seines, nets, dippers, and aquatic light traps. The Peterson Dredge
2 2 (0.08 m ) and the Eckman Dredge (0.02 m  ) have been frequently used
to sample benthos in deep aquatic habitats such as rivers, streams,
lakes and ponds (Mulla et al. 1975b, Cairns and Dickerson 1971 and
Bryan et al. 1973). These dredges have been impractical in habitats
with firm soil and thick root masses. Seines, traps and dipnets
have been common tools used to collect aquatic organisms for
taxanomic and incidence studies (Bryan et al. 1973 and Miura and
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Takahashi 1975), but they have not proven useful in quantitative 
sampling of shallow-flooded marsh habitats. The enamel dipper 
(11 cm diam., 450-ml capacity) has been another favorite tool 
used in mosquito surveillance but it could not adequately sample 
the various species found in marsh habitats. The submerged aquatic 
light trap introduced by Hungerford et al. (1955) has been modified 
by Washino and Hokama (1968) for collecting aquatic insects. 
Although this technique caught greater numbers than the dipper, 
no real density data could be obtained.
The author could find only one aquatic sampler that was
said to be capable of collecting all aquatic organisms from a given 
area. The Surber square foot sampler promised qualitative as well 
as quantitative information (Cairns and Dickerson 1971). However, 
it was designed for use in the flowing water of shallow streams 
not more than 0.61 m deep and where the substrate is not rocky.
It consisted of two square frames hinged together. One frame bears 
the net that extends downstream and the other delimits the area of 
bottom to be sampled. As the substrate in the sample area was 
worked, the dislodged organisms were captured in the net as they
flowed downstream. This device was not designed for marsh sampling
but it provided the principles for the development of a quantita­
tive and qualitative sampler.
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Separating the aquatic orgamisms from the soil and vege­
tative debris of aquatic samples has long been a problem. The 2 
basic methods that have been reported in the literature are 
sieving and flotation. Bryan et al. (1973), Frey et al. (1973), 
and Mulla et al. (1975a) washed their samples in a graded series 
of standard sieves while the use of a flotation method to separate 
insects from debris has been reported by Mulla et al. (1975a) and 
Mulla and Darwazeh (1975c). The latter authors used a solution of 
MgSo^ to float the organisms.
From the literature reviewed above, there was no evidence 
of an established method of sampling and processing reported which 
was applicable to marsh conditions.
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METHODS AND MATERIALS 
Description of Study Area
Louisiana coastal marsh located in Cameron Parish was 
surveyed during the spring of 1974 in order to select a mosquito 
breeding habitat which would provide ample area, uniform vegetation 
and marsh conditions to conduct this study. Two 20.23 ha (50 ac) 
adjoining plots were selected in an intermediate marsh habitat in 
hydrolic unit VIII of the Chenier plain zone (Chabreck 1972).
This site was just north of the Mermentau River (Fig. 1) and ca 
3.2 km northeast of Grand Chenier, La.
The two plots were marked off and a stake was placed at 
the center and at each corner of the plot. The southern portion of 
each plot was of slightly higher elevation while the northern por­
tion was "permanent" marsh with large open water areas characterized 
by little or no emergent vegetation. Thus, there was a gradation 
in water depth from south to north. During the year, the water 
depth varied with rainfall (Table 1) and drying conditions.
Drainage from this marsh area was checked by the presence of con­
trol structures on the drainage canals. These structures afforded 
some stability to the marsh conditions.
Vegetation transects and water salinity determinations 
confirmed this area to be an intermediate marsh (Chabreck 1972) 
habitat. Salinity values obtained during 1975 ranged from 1.7-3.5
Figure 1. Aerial photograph showing location of test site just 
north of Mertnentau River and ca 3.2 km northeast of 
Grand Chenier, Louisiana.
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Table 1. Climatological data for the period of May 1974 through
October 1975 as recorded by the weather station at the
Rockefeller Wildlife Refuge and Game Preserve, Cameron
Parish, Louisiana (Environmental Data Service 1973- 75).
Month
Precipitation 
Total (cm)
Ambient 
Avg Max
Temperature (C°)
Avg Min Mo Avg
1974
May 13.74 28.45 21.22 24.84
June 8.64 30.56 22.00 26.28
July 16.15 32.39 24.84 28.34
August 22.96 31.67 23.22 27.45
September 6.91 29.22 24.84 24.56
October 4.60 27.06 14.17 20.61
November 15.67 21.28 10.39 15.83
December 15.54 17.11 7.39 12.28
1975
January 12.62 18.45 8.95 13.72
February 0.69 19.50 8.17 13.83
March 8.66 21.84 10.78 16.33
April 9.91 23.50 15.11 19.33
May 16.15 28.84 20.72 24.77
June 21.21 31.17 22.84 27.00
July 40.79 31.89 23.72 27.84
August 27.20 31.50 23.23 27.45
September 9.12 29.45 19.22 24.34
October 1.60 27.00 15.89 21.45
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ppt with both the treated and control plots having an average of 
2.6 ppt. There was essentially no variation between plots on any 
given date.
The predominant plant species collected in the study area 
in October, 1975, were identified using the text by Radford et al. 
(1968) and are listed in Table 2. A south to north vegetation 
transect was made in each plot during that month. The general 
distribution of plant species in the treated and control plots 
indicated homogeneity between the plots. Table 3 shows the dis­
tribution of plants in the vegetation transect (south to north) 
through the center of the Dimilin treated plot. The occurrence of 
plants that covered more than 5% of the area was estimated.
In the southern portion of the plot, Cynodon dactylon
(Linnaeus) Pennell and Spartina patens (Aiton) Muhlenberg were the
predominant plant species with some Juncus roemerianus Scheele 
present. This stable plant community indicated a slightly higher 
elevation which is infrequently flooded. The center portion of 
the plot also had a stable plant composition consisting of 
Sagittaria graminae Michaux and Paspalum vaginatum Swartz.
Small areas of Zizaniopsis miliaceae (Michaux) Doell and Ascherson 
were scattered throughout this portion of the plot. These plant 
species indicate an area which remains flooded most of the year.
Much of this center portion did remain flooded and had little
emergent vegetation.
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Table 2, Alphabetical list of predominant plant species found in the 
Louisiana marsh study site in October 1975.
Scientific Name Common Name
Alternanthera philoxeroides (Martius) Grisebach Alligator weed
Bacopa monnieri (Linnaeus) Pennell Water hyssop
Cvnodon dactvlon fLinnaeus) Persoon Bermuda grass
Cvperus erythrorhizos Muhlenberg Sweetrush
Echinochloa walteri (Pursh) Heller Walter's millet
Eleocharis sp. Spikerush
Juncus roemerianus Scheele Black rush
Paspalum vaginaturn Swartz Salt joint-grass
Phragmites communis Trinius Roseau cane
Polygonum sp. Smartweed
Sagittaria graminae Michaux Arrowhead
Sagittaria falcata Pursh Arrowhead
Scirpus olneyi Gray Three-cornered gras:
Scirpus robustus Pursh Leafy three-square
Scirpus validus Vahl Softstem bulrush
Setaria geniculata (Lamark) Beauvois Foxtail grass
Spartina patens (Aiton) Muhlenberg Wiregrass
Zizaniopsis miliaceae (Michaux) Doell & Ascherson Giant cutgrass
Table 3. Distribution of plant species recorded in the vegetation transect (south to north) 
through the center of the Dimilin treated plot in October 1975.
_________________ 70 Species occurring within the designated area______
South____________________  Meters______________________   North
Plant 0-
30
30
-6
0
60
-9
0
90
-1
20
12
0-
15
0
15
0-
18
0
18
0-
21
0
21
0-
24
0
24
0-
27
0
27
0-
30
0
30
0-
33
0
33
0-
36
0
36
0-
39
0
39
0-
42
0
42
0-
45
0
Cynodon dactvlon 60 50 60 50 50
Spartina patens 35 48 30 50 50 60 50 60
Sagittaria graminae 20 20 25 80 70 15 10 25
Paspalum vaginatum 70 70 25 30 15 10 35 50
Zizaniopsis miliaceae 30 20 5
Eleocharis walteri 30 35 5
Phragmites communis 5 10 20
Juncus roemerianus 10 5 5
Bacopa monnieri 5
Cyperus erythrohizos 15
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The northern portion of the plot was characterized by a 
mixture of plant species that indicated an unstable area. Spartina 
patens. Sagittaria graminae. P. vaginatum, and Eleocharis sp. 
occurred throughout most of this area. The appearance of Phragmites 
communis Trinius in the last few hundred meters indicated a gradual 
increase in elevation.
Thus, there was a gradation in water depth from south to 
north in the plots with the shallow flooded areas covered with 
emergent vegetation such as Paspalum vaginatum. Bacopa monnieri and 
Spartina patens and the deeper open water to the north characterized 
by no emergent vegetation although Sagittaria graminae occurred 
submerged during a portion of the year. The difference in the 
depth of the water in grassy and open habitats was small, the 
average being only 4 cm for the 18 months. The range for the water
depths in the grassy and open habitat were 13,95 cm and 18.00 cm,
respectively for the 18 months. The average for each habitat for
each collection date is shown in Table 4. This difference in water
depth between the grassy and open habitats was sufficient to elimi­
nate the emergent vegetation in the habitat which was flooded to an 
average depth of ca 18 cm or more. It allowed grasses such as P. 
vaginatum. B. monnieri and _S. patens to grow in habitats which 
were flooded to an average depth of 14 cm or less. Thus there was 
a positive correlation between water depth and habitat (grassy vs 
open,)
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Table 4. Average water depth in each habitat (grassy vs open) of 
each experimental plot (control vs treated) in a 
Louisiana coastal marsh as recorded on the sampling date, 
14 May 1974 - 26 October 1975.
X water depth (cm)
Control _a Treated
Date Grass vs Open X Grass vs Open X
1974 
05 14 18.5 18.8 18.7 18.5 20.1 19.3
05 27 23.6 24.1 23.9 23.8 23.1 23.5
06 11 14.2 17.8 16.0 15.2 18.5 16.9
06 24 8.6 9.7 9.2 11.9 14.0 13.0
09 06 8.6 11.4 10.0 12.2 10.4 11.3
09 20 11.7 16.8 14.3 16,3 16.3 16.3
10 04 8.4 12.5 10.5 10.2 15.7 13.0
10 18 8.4 8.9 8.7 10.2 8.1 9.2
11 06 9.7 12.2 11.0 8.6 11.2 9.9
11 14 9.1 11.2 10.2 12.2 9.1 10.7
12 11 14.5 17.8 16.2 15.2 19.8 17.5
12 19 14.5 22.3 18.4 17.8 20.8 19.3
1975
01 07 15.2 22.6 18.9 16.3 21.3 18.8
01 21 18.3 22.8 20.6 19.3 22.8 21.1
02 04 16.0 19.3 17.7 18.3 22.8 20.6
02 18 9.4 16.5 13.0 12.2 15.2 13.7
03 18 8.9 16.0 12.5 11.2 16.0 13.6
04 03 4.6 7.9 6.3 6.4 8.9 7.7
04 14 11.7 17.3 14.5 12.2 18.0 15.1
05 01 10.9 16.3 13.6 13.7 17.3 15.5
05 13 14.0 18.8 16.4 12.7 20.8 16.7
05 26 9.4 14.0 11.7 8.6 14.2 11.4
06 12 13.7 18.8 16.3 12.5 20.8 16.7
07 07 14.0 20.8 17.4 16.3 24.1 20.2
07 21 16.0 23.8 19.9 15.2 23.3 19.2
08 01 20.3 25.9 23.1 21.6 26.7 24.2
08 17 23.6 24.8 24.2 21.1 23.1 22.1
09 15 20.1 26.7 23.4 22.3 24.8 23.6
10 26 11.2 20.3 15.8 9.9 20.6 15.3
13.4b 17.8 15.6 14.5 18.2 16.4
15. 6C 16.4
Q  L n
Date means; Dsubarea means; area means
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Application of Dimilin 
The 20.23 ha western plot was designated the treatment 
plot, while the eastern plot was the control or untreated check 
(Fig. 1). The treated plot received an aerial application of 
Dimilin on the following dates: 11 June 1974, 20 September 1974,
21 January 1975, 17 April 1975, 13 June 1975 and 15 September 1975. 
A cessna Ag Wagon aircraft equipped with a liquid spray system 
having three D-4 nozzles on each boom was used to apply the 
Dimilin treatments. The quantity (2.268 kg or 5 lb) of 25%
WP was mixed with water and applied at a rate of 0.77 liters 
(25.9 oz) of finished spray per hectare, which produced an 
application rate of 28 gm Al/ha (0.025 lb Al/acre). The treat­
ments were applied in the morning or late evening at an altitude 
of 6.1 m (20 ft), swath width of 18.3 ra (60 ft) and a wind speed 
of less than 12.88 kph (8 mph). The aircraft was flown at an air
speed of 200 kph (125 mph) and the spray formulation was applied 
2
at 853 kg/cra (60 psi). The prevailing south to southeast wind 
eliminated the possibility of spray drift, thus insuring that the 
control plot remained uncontaminated.
Sampling Technique
A sampling device was constructed which allowed the
0 2removal of virtually all aquatic arthropods from 0.09 m (1 ft ) 
of marsh. The device was constructed of 3.18 mm (1/8") sheet metal
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3 3and resembled a 0.0283 m (1 ft ) box open at both ends (Figure 2).
Angle iron (12.7 mm) was used to reinforce the upper edges of the
device and a band of angle iron was welded to the outside, 7.62
cm above the bottom. The lower edges were sharpened to facilitate
cutting through the sod and substratum and the lower band of angle
iron insured the uniform implantation of the device to a depth of
7,62 cm into the soil.
Twenty-nine sets of samples were taken at ca 2-week
intervals between 14 May 1974 and 26 October 1975, Each set of
2
samples consisted of ten 0.09 m  samples taken in each of the plots.
Five of the 10 samples were taken in open water having no emergent
vegetation and 5 within the grassy habitat. The samples were 
generally taken between the hours of 9 a.m. and 3 p.m. The water 
and soil temperature were recorded for each plot during the 
sampling procedure. Due to the lack of on-site facilities, 
daily rainfall and ambient temperature were taken at the official 
weather station at the Rockefeller Wildlife Refuge and Game Preserve 
some 14 km from the test site.
The samples were taken near the center of the plot to 
minimize the effect of migration of the aquatic organisms. The 
marsh habitat was sampled by placing the collection device down at 
random and pressing it firmly into the soil. The water depth was 
recorded and any vegetation present was carefully uprooted and the
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Figure 2. Photograph illustrating equipment described in the 
sampling technique.
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stems and root mass rinsed in the sample water to remove external 
organisms. The loose sediment in the sample was brought into 
suspension by vigorous agitation with the splayed hand. The liquid 
suspension was immediately dipped out using 3.8 liter rectangular 
can (8,9 X 17.2 X 25.4 cm), and strained through a standard deVac 
bag of 100 mesh (40 strands/cm). The firm soil remaining in the 
bottom of the sample was observed for the presence of visible 
organisms. The contents of the deVac bag were rinsed in surrounding 
water to remove the mud. The remaining mass was placed in a 
labeled 1.1 liter (1 qt) mason jar containing 0.24 liters 
(8 fl. oz) ethyl alcohol (95%) and transported to the laboratory. 
Water samples were collected along with each set of samples and 
taken to the laboratory.
In the laboratory, each sample bolus was placed into a bag 
fashioned from bridal veil (75 mesh or 30 strands/cm) and rinsed 
under a gentle stream of lukewarm tapwater to remove the alcohol 
and remaining mud. The sample was then portioned if necessary and 
placed in one or more 1.1 liter mason jars filled with a concentrated 
solution of salt water prepared from rock salt (NaCl). ■ The contents 
were stirred thoroughly and allowed to stand for a few minutes.
The aquatic organisms along with a small amount of leaf material 
floated to the surface, while the rest settled out quickly. The 
organisms were skimmed off the top and placed in a 500 ml beaker
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of tapwater. The stirring and skimming process was repeated until 
no organisms floated to the top. The sediment from the sample was 
poured into a shallow, black Teflon coated cookie sheet (39.5 X 
22.5 X 2 cm) and examined under a fluorescent light for organisms 
tangled in the vegetation. The contents of the beaker were poured 
into a 1.42 liter (1% qt) rectangular glass chafing dish and examined 
under a fluorescent desk lamp. The aquatic organisms were trans­
ferred to a labeled, 14.8 or 29,6 ml (4 or 8 dram) screw cap vial 
containing 90% ethyl alcohol. The use of white and black craft 
paper under the glass chafing dish greatly facilitated the recogni­
tion of the organisms due to the color contrast.
A Bausch and Lomb dissecting microscope with a 0.7X - 3X 
zoom lens and 10 and 20X eye pieces was used to identify the 
aquatic organisms. A bausch and Lomb 2X auxiliary lens was often 
used for additional magnification.
The macroscopic non-target aquatic organisms collected 
during this study were identified to the lowest taxonomic level 
within the author's confidence. These excellent taxonomic refer­
ences were used: Anderson 1971, Arnett 1963, Borror et al. 1976,
Brooks 1959, Burke 1961, Burke 1963, Chace et al. 1959, Clench 1959, 
Day 1973, Eddy 1974, Gonsoulin 1973a, Gonsoulin 1973b, Lattin 1973, 
Leech and Chandler 1973, Penn 1959, Pennak 1953, Pritchard and 
Smith 1973, Scott 1973, Tanner 1943, Tidwell 1973, Tressler 1959,
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Usinger 1973, Wilson 1953, Wirth and Stone 1973, and Young 1954, 
1956, 1967 and 1969. In addition, all insect.specimens were 
compared with material available in the insect collection of the 
Department of Entomology of Louisiana State University.
The water samples were analyzed in the laboratory and the 
pH was determined using a Sargent-Welch pH meter Model PBL. The 
salinity was determined using a set of hydrometers for measuring 
specific gravity.
Statistical Analysis
The statistical design used in this experiment was a 
29 X 2 X 2 factorial arrangement of treatments in a completely 
randomized design. There were 29 dates, 2 areas (treated vs 
control), 2 subareas (grassy vs open) and 5 random samples per 
subarea. A standard transformation ( V x+1 ) was performed on 
the data. The analysis of variance for the date, area, and subarea 
was obtained along with those of all the interactions. Correlation 
coefficients were also obtained for each variable analyzed.
RESULTS AND DISCUSSION 
Methodology
Field collection and laboratory processing of samples
The method of collecting and processing samples developed 
for this study proved to be highly effective and required a minimum 
of equipment, expense, time and effort. The sampling device was 
durable in that the construction materials and design were suffi­
cient to resist damage during the 18 month study. When appropriately
2
placed in a collection site this device encompassed a 0.09 m area
of marsh. The samples obtained by the use of this device provided
quantitative and qualitative data relative to the macroscopic
aquatic organisms. The simple construction design of this device
allowed one to choose the dimensions of the collection device that
would provide the desired sample size under specific conditions.
2
A sample size of 0.09 m was chosen for this study because the 
resulting aquatic organism sample bolus filled the 1.1 liter mason 
jar used to transport, store and process the sample. The described 
flotation technique using inexpensive rocksalt (NaCl) facilitated 
the removal of the aquatic organsims from the sediment and 
vegetation.
One disadvantage of this method was that some non-chitinous 
organisms did not survive preservation and processing. Nematodes
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were observed in the field samples prior to preservation in ethanol 
but only disintegrated fragments were observed in the processed 
samples. Unfortunately none was collected and processed separately 
for identification.
The experimental design used detailed a sample sequence 
that consisted of sampling at 2 week intervals for ca 18 months.
This 2-week interval appeared to be adequate since most arthropod 
generations were sampled at least twice. The 5 random samples 
taken in each subarea (grassy vs open) was adequate to determine 
habitat preferences for the species collected. The results of 
the habitat preference study will be considered later in the 
discussion.
Statistical analysis
The statistical design used in this experiment was a 29 X 
2 X 2  factorial arrangement of treatments in a completely randomized 
design. Factorial experimentation is suitable in exploratory work 
when the experiments are designed to lead to recommendations that 
must apply over a wide range of conditions (Cochran and Cox 1957). 
This design proved useful in this experiment which involved moni­
toring populations over extended periods of time and when the 
treatment effects may be seen in subsequent generations. It 
provided the necessary data to: (1) determine seasonal distribution
AO
and density of aquatic populations (Tables 8-12, 14 and 15),
(2) determine the preference of these organisms for specific 
habitats (grassy vs open) (Tables 7 and 13) and (3) evaluate 
the impact of Dimilin on the predominant aquatic populations 
present (Tables 7 and 13).
As pointed out in the methods and materials, a standard 
transformation ( V x  + 1 ) was performed on the data in order to 
reduce the possibility of error resulting from skewed population
distributions (Cochran and Cox 1957, Schilling 1976).
Five random samples were collected within each of 2 
subareas (grassy vs open) within each of 2 areas (treated vs 
control) on each of 29 sampling dates. This resulted in 290 samples 
collected in each of the treated and control areas. This large 
number of samples greatly increased the efficiency and sensitivity 
of the experiment.
The efficiency of an experiment can be determined by 
calculating the least signficiant difference (LSD) for each source 
of variation within the analysis. The LSD for the analyzed species 
can be found in Tables 7 and 13. The LSD values listed in these 
Tables represent the actual number of insects that constitute a 
significant difference in this experiment.
To determine the LSD for the treatment effects on
Trichocorixa louisianae Jaczewski nymphs, for example, one could use
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the formula: LSD,'area = fco(./2 2 (MSe) where t^/2 is the tabular
n
t value at significance level c< with the degrees of freedom (df) 
for MSe , MSe is the mean square for error and n is the number of 
observations in that source of variation. Thus,
Since the data were transformed ( V *  + 1), values obtained in this 
LSD equation may be squared in order to obtain an estimate of the 
actual number of organisms that constitute the least signficant
experiment, differences between the treated and control populations 
as small as 0.0479 fraction of one Trichocorixa louisianae nymph 
could be detected. Other LSD's reported in Table 13 for treatment 
effects (source-area) were Taphromysis louisianae (Banner) - 0,1656, 
Palaemonetes paludosus (Gibbs) - 0.0025, and Caenis sp. - 0.0006, 
These low LSD values emphasize the efficiency of the design used 
and are partly a reflection of the sample size. Although these 
tiny differences were statistically significant, differences of 
less than one organism would not have biological significance.
determine the best time to test a chemical on a specific organism 
and the minimum number of samples to take in order to detect a 
specific difference. If one wished to detect an actual difference
difference. Thus (0.218)^ = 0.0479. This means that in this
With the data available in this experiment, one can
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of 2 insects between the treated and untreated populations of 
Hvalella azteca for example, one could go to the seasonal 
distribution and density data and the habitat preference results 
in this manuscript and find that this organism was most abundant 
in 1975 during the months of May, June and July and showed no 
habitat preference. The investigator could plan to conduct the 
experiment on H. azteca in this Louisiana marsh habitat during 
these three months. The investigator could then determine the 
minimum number of samples he would need to detect an actual 
difference of 2 insects due to treatment effects.
The LSD equation can be solved for n, thus,
n =» (tol/2)2 2 (MS0)
“  LSD*
The equation in this case calls for transformed data since all 
statistical data including the MS values in Tables 7 and 13 are 
transformed. Therefore, one must take the square root of the 
"desired difference" in order to insert the value in the formula. 
Thus the \ / r  , 1.42.
n >  1^,9(i '42~P °  314  ^ ** 1,973 °r Ca 2 sanlPles
Therefore, 2 or more random, post-treatment samples should be 
collected biweekly in each subarea (grassy and open) within each 
area (treated and control) during the months of May-July. This 
would provide 48 samples and the statistical data necessary to
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determine the impact of a chemical on H. azteca if the population 
followed a distribution and abundance pattern similar to 1975.
The LSD values reported in this study only reflect the 
efficiency of the experiment and not the biological significance.
Life tabl es and other biological studies will be needed to evaluate 
the latter. From these biological studies, the investigator may 
decide what difference is considered biologically significant.
In summary, a method and experimental design for 
environmental sampling, adapted to shallow flooded habitats 
was developed and tested in a coastal marsh habitat. The 
technique produced qualitative and quantitative data that were 
statistically analyzed and the methodology was shown to be efficient, 
effective and inexpensive. Its value in conducting environmental 
impact studies is apparent.
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Species Identification, Seasonal 
Distribution and Habitat Preference
Identification of aquatic organisms
A comprehensive listing of the macroscopic aquatic fauna 
collected In a Louisiana intermediate marsh is contained in Table 5. 
This list includes 3 phyla, 6 classes, 17 orders, 46 families and 
more than 75 genera collected from the test site over an 18 month 
study period. One published ecological study was obtained by the 
author which involved an aquatic insect checklist for Louisiana.
That study (Bryan et al. 1973) considered only the aquatic biota 
in the Mississippi River and tributary streams at a proposed 
nuclear power plantsite near St. Francisvilie, Louisiana.
Seasonal distribution and density
Sufficient data were collected in this study to determine 
the seasonal distribution and population density of the organisms 
collected. These data are contained in Tables 8-12, 14 and 15 
and may be examined by seeking the date means for the desired 
species. In Table 8 for example, the seasonal distribution and 
density for Ityalella azteca may be seen by chronologically following 
the date means for the control.
It should be pointed out early in this discussion that an 
unusually severe drought was experienced during the summer of 1974 
and the entire marsh dried up during the period from early July
Table 5. Checklist of aquatic organisms collected in an intermediate 
marsh in Cameron Parish, Louisiana, 14 May 1974 - 
26 October 1975.
PHYLUM MOLLUSCA - mollusks
Class Gastropoda - univalve mollusks
Order Basommatophora - fresh-water snails 
Family Physidae - physid snails 
Physa sp. (adults and young)
PHYLUM ARTHROPODA - jointed footed animals 
Class Arachnida - arachnids
Order Acari - mites and ticks 
unidentified freshwater mites 
Class Crustacea - crustaceans 
Subclass Brachiopoda - Phyllopods 
Order Cladocera - water fleas 
unidentified cladoceran 
Subclass Copepoda - copepods 
unidentified copepods 
Subclass Malacostraca
Order Amphipoda - sand hoppers 
Family Talitridae - scuds
Hyalella azteca (Saussure)(adults and young)
Order Decapoda - shrimp and crayfish 
Family Astacidae - crawfish
Cambarellus sp. (adults and young)
Procambarus clarki (Girard) (adults and young) 
Family Palaemonidae - freshwater prawns
Palaemonetes paludosus (Gibbs) (adults and young) 
Order Isopoda - aquatic sowbugs 
Family Asillidae
Asellus sp. (adults) 
family Bopyridae
Probopyrus sp. (adults)
Order Mysidacea - opossum shrimp 
Family Mysidae
Taphromysis louisianae (Banner) (adults and young) 
Subclass Ostracoda - seed shrimp 
Order Podocopa
unidentified podocopa
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Table 5. Continued.
Class Insecta - insects
Order Collembola - spring tails 
Family Isotomidae
Isotomurus palustris (Muller)
Order Ephemeroptera - may flies 
Family Baetidae
Callibaetis sp. (nymphs)
Family Caenidae
Caenis sp. (nymphs)
Order Odonata - dragon and damselflies 
Family Aeschnidae - darters 
Anax sp. (nymphs)
Family Libellulidae - common skimmers 
BeIonia sp. (nymphs)
Libellula sp. (nymphs)
Pachydiplax sp. (nymphs)
Family Coenagrionidae - damselflies 
Enallagma sp. (nymphs)
Ischnura sp. (nymphs)
Order Hemiptera
Family Corixidae - water boatman
Trichocorixa louisianae Jaczewski (adults and nymphs) 
Family Notonectidae - backswimmers 
Buenoa omani Truxal (adults)
Buenoa scimitra Bare (adults)
Buenoa spp. (nymphs)
Notonecta undulata Say (adults)
Notoneeta sp. (nymphs)
Family Naucoridae - creeping water bugs
Pelocoris femoratus (Palisot de Beauvois) (adults and 
nymphs)
Family Belostomidae - giant water bugs 
Belostoma lutarium (Stal) (adults)
Belostoma testaceum (Leidy) (adults)
Belostoma spp. (nymphs)
Family Nepidae - water scorpions
Ranatra australis Hungerford (adults and nymphs) 
Family Veliidae - ripple bugs
Microvelia pulchella Westwood (adults)
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Table 5. Continued.
Family Mesoveliidae - water treaders
Mesovelia mulsanti bisignata Jaczewski (adults and 
nymphs )
Family Hebridae - velvet water bugs 
Hebrus consolidus Uhler (adults)
Family Saldidae - shore bugs
Micracanthia husseyi Drake and Chapman (adults) 
Order Coleoptera - beetles
Family Dytiscidae - predaceous diving beetles 
Acilius sp. (larvae)
Liodessus affinis (Say) (adults)
Uvaris lacustris (Say) (adults)
Neobidessus pullus (LeConte) (adults)
Bidessine (larvae)
Celina angustata Aube (adults)
Copelatus caelatipennis Aube (adults)
Cybister fimbriolatus (Say) (adults)
Cybister sp. (larvae)
Hygrotus acaroides (LeConte) (adults)
Hygrotus nubilus (LeConte) (adults)
Hygrotus sp. (larvae)
Hydroporous sp. (adults and larvae)
Hydrovatus cuspidatus Kunze (adults)
Hydrovatus sp. (larvae)
Laccophilus proximus Say (adults)
Laccophilus sp. (larvae)
Thermonectus basillaris Harris (adults) 
Thermonectus ornaticollus Aube (adults) 
Thermonectus spp. (larvae)
Family Noteridae - burrowing water beetles 
Colpius inflatus LeConte (adults)
Hydrocanthus sp. (adults)
Pronoterus semipunctatus (LeConte) (adults) 
Suphisellus sp. (adults)
Noterid larvae 
Family Hydrophilidae - water scavenger beetles 
Anacaena sp. (larvae)
Berosus exiguus (Say) (adults)
Berosus infuscatus LeConte (adults)
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Table 5. Continued.
Family Hydrophilidae - Continued 
Berosus spp. (larvae)
Cercyon spp. #1 & #2 (adults and larvae) 
Enochrus blatchleyi (Fall) (adults)
Enochrus hamiltoni (Ham) (adults)
Enochrus ochroceus (Melsheimer) (adults) 
Enochrus spp. (larvae)
Helophorous sp. (adults)
Hydrochus sp. (adults)
Tropisternus blatchleyi D'Orchymont 
Tropisternus collaris striolatus (LeConte) 
Tropisternus lateralis (Fabricius)
Tropisternus spp. (larvae)
Family Hydraenidae - moss beetles 
Ochthebius sp. (adults)
Family Curculionidae - weevils
Lixellus sp. #1 (adults) - small 
Lixellus schwarzi LeConte (adults)
Lissorhoptrus spp. (adults and larvae)
Onychylis nigrirostris (Boheman) (adults) 
Curculionid larvae 
Order Diptera - flies
Family Tipulidae - crane flies (larvae)
Family Pshchodidae - mothflies 
Psychoda sp. (larvae)
Family Culcidae - mosquitoes 
Anopheles sp. (larvae)
Culex salinarius Coquillett (larvae)
Family Heleidae - biting midges (larvae)
Family Chironomidae - midges (larvae)
Family Stratiomyidae - soldier flies 
Eulalia sp. (larvae)
Family Tabanidae - horse and deer flies (larvae) 
Family Dolichopodidae - long-legged flies (larvae) 
Family Syrphidae - flower flies (larvae)
Family Ephydridae - dance flies 
Brachydeutera sp. (larvae)
Notophila sp. (larvae)
Parydra sp. (larvae)
Family Muscidae - muscid flies (larvae)
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Table 5. Continued.
PHYLUM CHORDATA
Class Osteichthyes - bony fishes
Order Semionotiformes - gars and pikes 
Family Lepisosteidae - gars
Lepisosteus oculatus (Winchell) (fry)
Order Cypriniformes - minnows
Family Atherinidae - silver sides
Menidia audens Hay - mississippi silverside (fry)
Family Cyprinidae - minnows
Cyprinus carpio Linnaeus - carp (fry)
Family Cyprinodontidae - killifish
Cyprinodon variegatus Lacepede - sheephead minnow (fry) 
Jordanella floridae Goode and Bean-flagfish 
Family Poeciliidae - topminnows
Gambusia affinis (Laird and Girard) - mosquitofish 
(adults and fry)
Heterandria formosa Agassi2 - least killifish (adults 
and fry)
Class Amphibia - amphibians
Order Diplasiocela - frogs and toads 
Family Ranidae - true frogs 
Rana sp. (tadpoles)
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through late August. Therefore, no aquatic samples could be taken 
during this period. This explains the gap in the sequential sampling 
between 24 June and 6 September 1974. From these data, it is obvious 
that the drought seriously affected the seasonal distribution of 
many aquatic populations in 1974 when compared with the following 
year. Such was the case with Hyalella azteca, in which all activity 
ceased for the remainder of the year. Other organisms such as 
Cambarellus sp., Procambarus clarki (Girard), Trichocorixa louisianae, 
Gambusia affinis and Chironomidae did not appear to be so seriously 
affected.
The seasonal distribution and density of the organisms 
shown in Tables 14 and 15 can be observed in similar fashion, 
namely by following the date means. The treated and control 
data for those organisms not significantly reduced (Table 14), 
were combined to give a more accurate picture of the seasonal 
distribution of these species. Table 15 contains the data for 
those organisms which were collected in low numbers and/or 
sporadically during the experiment.
It was observed’that many species (Cambarellus sp.,
P. clarki. Trichocorixa louisianae. Berosus spp. and Chironomidae) 
were active year-round with immatures present in the cooler months 
while adults and immatures of Belostoma spp., Bidessine, Hydrovatus 
cuspidatus Kunze and Laccophilus proximus Say were active only
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during the wanner months. Chironomidae and Trichocorixa louisianae 
were the most abundant species the year-round while Taphromvsis 
louisianae and Hyalella azteca were only seasonally abundant. This 
is not surprising since some of the abundant species are considered 
to be at the bottom of the food chain where they are primary convert­
ers of plant material (Usinger 1973, Wirth and Stone 1973). Many, 
if not most of the organisms in Tables 8-12, 14 and 15 appeared to
have low population densities. However, these date means represent
7 2the average density in only 0.09 m (1 ft ) of marsh. Many of 
these species are herbivorous - Trichocorixa spp., (Usinger 1973); 
omnivorous - Physa spp., (Pennak 1953); Hydrophilidae, (Leech and 
Chandler 1973, Veneski and Washino 1970); or predaceous - Dytiscidae, 
(Leech and Chandler 1973); Gambusia affinis. (Washino and Hokama 
1967). Thus, the numerical density of each organism may offer 
some insight into the role or relationship of the organisms in 
this aquatic ecosystem at the time of collection.
The presence and abundance of the herbivorous species 
could well be tied to the presence and density of the predominant 
plant species at a particular time of year. The author observed 
definite changes in vegetation density during the year. For 
example, the plots were generally deeply flooded during the winter 
months and the predominant annual summer vegetation (Bacopa monnieri 
(Linnaeus) Pennell, Cynodon dactylon and Paspalum vaginaturn) died
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and decayed. During the spring C. dactylon and P. vaginatum were 
lush and the latter occurred in relatively pure stands. In the 
warmer months these stands thinned and B. monnieri and other plant 
species appeared in greater abundance. In the fall of 1975, the 
water depth dropped and the usually submergent Sagittaria graminae 
became visible. The presence of plant-terrestial insect relation­
ships has been reported by Davis and Gray (1966) in North Carolina 
salt marshes. It is possible that these aquatic insect populations 
were closely tied to this transition of plant life in this Louisiana 
marsh environment.
The seasonal distribution and density data are shown 
graphically in Figures 3-7. In these graphs, selected species 
have been treated. In Figure 3, it can be seen that the activity 
of Taphromysis louisianae and Hyalella azteca were terminated 
abruptly by the drought of 1974 with no resumption of activity with 
the fall rains. In 1975, however, both populations were active 
with Taphromysis louisianae having only one peak activity period 
while H. azteca appeared to have a second peak in November.
Figure 4 depicts the distribution and density of the Trichocorixa 
louisianae population. The drought did not appear to damage this 
population as severely as the previously mentioned crustaceans. 
Berosus spp. populations (Figure 5) had an early spring generation 
followed by a late fall generation of greater magnitude. The 
populations of Noteridae (Figure 6) suggest that they suffered
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Figure 3. Average number of Hyalella azteca and Taphromysis louisianae collected in a
Louisiana coastal marsh habitat, 14 May 1974 - 26 October 1975.
e------© Hyalella azteca
*
Taphromysis
louisianae
Drought
A
- r * tv I
/ t
T r> 1 i1 1
May 1 Jun 1 Sept1 Oct
n n  T  )
0— o--of
ii
\
TSeptT T ’1 Nov t— rDec Jan i— rFeb T-1 \ * >Mar Apr 1 May 1 Jun r r T1 Jul Oct
55
50
45
40
35
30
25
20
15
10
5
0
f 73
o----- -0 Adults
f
•----- *♦
I
Nymphs j
j
* Drought j
n
i
i
1
I
i
i
k1 V.
* V
V J V * - -.-€T'
V '
\ AV
_ y  x
r
> >
j nrT tm ni 11 i in— I"11 11 -tii i i— tth— r r "»r"»— r 1 ^ *T~|n,i:y==r,T7,;i
May 1 jun I Sept I Oct I Nov I Dec I Jan I Feb I Mar I Apr. i May I Jun I Jul i Aug I Sept I Oct
Figure 4, Average number of Trichocorixa louisianae collected in a Louisiana coastal
marsh habitat, 14 May 1974 - 26 October 1975.
4
Av
er
ag
e 
nu
mb
er
/ 
0.
09
CM
16' 
15- 
14- 
6 13' 
12 - 
l b  
10 .
9
8'
T
6‘
5'
4-
3-
2‘
1
0
i
\\
1 \
' \
i 1
n.
1 ■' 
I
I
p
%
' \
1
* » O'
1
\
V  M "V*\
©------O Adults
 # Larvae
Drought
■ O T J I O T  C T
T*T“
Dec
|T""r
( Jan
\ /
T
Mar 1 11 ' IApr l May I Jun I kept I OctNov
t n  r
Jul I Aug
Figure 5. Average number of Berosus infuscatus adults and Berosus spp. larvae collected in
Louisiana coastal marsh habitat, 14 May 1974 - 26 October 1975. Uitn
Av
er
ag
e 
nu
mb
er
/ 
0.
09
O------o Adults
17.9 p 
/1
/'.114.5^
Larvae
Drought
eg
©
J
*
I
I
©
/
6
*
x A
May^|Jun 
Figure 6.
V
I
r^ept I Act1 T n W
^ = ¥ t ¥=*
f
\ » \ i
'<4
*
/\
O'
/
/
/
X
1 1 1I Dec Jan I Feb T Mar f \ i n  iApr 1 May ( Jun I i i I i [ i 1 rI Jul I Aug I Sept I Oct
Average number of Suphisellus sp. adults and Noteridae larvae collected in a
Louisiana coastal marsh habitat, 14 May 1974 - 26 October 1975. mO'
57
from the drought effects but the spring and summer of 1975 brought 
2 well-defined generations. The larval populations of Chironomidae 
and Ephydridae (Figure 7) indicate 2 distinct generations per year.
It is interesting to note the close yearly synchrony of the end 
of the spring generation and the beginning of the fall generation.
The water temperature and pH at the time of sampling were 
recorded (Table 6) but they reflect only the temperature relative to 
the time of day and time of year of that particular sampling date. 
These data do not reflect the temperature for the season, month 
or even the week of the collection as do the data in Table 1.
The temperature range, particularly the minimum temperature for 
a week or month, would have greater biological significance than 
the temperature at the time of collections. Significant (P<0.01) 
positive correlations existed between some insect populations and 
temperature (H. azteca. Enhemeroptera and Odonata nymphs, Trichocorixa 
louisianae, Buenoa spp., Hydrovatus sp. and Noteridae populations). 
Most species did not have reproductive cycles in the colder months. 
Several species (Trichocorixa louisianae. Laccophilus sp.,
Chironomidae and Ephydridae) seemed to have generations in the 
spring and fall, coincident with more moderate temperatures.
Habitat preference
As mentioned previously, the statistical design included 
a habitat preference study in which an organism's preference for one
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Table 6. Average -temperature and pH in the control and treated 
plots in a Louisiana coastal marsh, 14 May 1974 - 
26 October 1975.
Aquatic environmental parameters
Temperature (bC)a pH
Date Control Treated Control Treated
1974 h
05 14 20.6 21.7 6.90 7.05
05 27 21.7 22.2 6.85 7.05
06 11 23.6 23.9 7.15 7.10
06 24 23.3 23.9 7.05 7.05
09 06 20.6 22.5 6.85 6.95
09 20 26.9 27.5 6.55 6.70
10 04 24.2 24.7 6.55 6.85
10 18 18.9 17.8 3.55 6.80
11 06 15.8 16.4 5.70 6.75
11 14 19.2 16.7 5.35 6.70
12 11 12.2 11.1 6.65 6.65
12 19 16.4 16.7 6.50 0.85
1975
01 07 15.6 15.0 6.80 6.80
01 21 13.3 13.3 6.80 6.90
02 04 18.3 18.1 6.90 7.00
02 18 18.3 18.3 6.90 6.80
03 18 15.6 16.1 5.75 5.90
04 03 12.2 10.3 6.05 6.15
04 14 15.8 17.8 6.10 6.30
05 01 27.5 27.8 6.35 6.55
05 13 29.4 29.7 6.80 6.85
05 26 28.0 27.8 7.00 7.25
06 12 30.6 30.0 7.05 6.45
07 07 34.2 32.8 7.10 7.65
07 21 49.7 28.9 6.45 6.75
08 01 26.4 26.4 5.80 6.85
08 17 28.0 28.0 6.45 6.45
09 15 22.8 22.8 6.95 6.70
10 26 23.1 22.8 6.80 6.70
22.5° 21.2 6.5 6.8
aX of soil and water; ^date mean; cgrand mean
60
of the two habitats (grassy vs open) was measured. The results of 
this study confirmed the author's general field observation that 
the majority of insect activity was centered in the grassy habitat. 
These data can be obtained from Tables 7 and 13. The presence of 
the superscripts eh, ei, fh, or fi on the mean square (MS) figure 
on the subarea line indicates the presence and degree of preference 
for that organism. The subarea means in Tables 8-12 and 14 show 
this preference numerically.
Of the 47 organisms statistically analyzed, 7 had a 
preference for the open water habitat, 30 preferred the grassy 
habitat and 10 showed no preference for either. The following 
organisms showed a highly significant (P<0.01) preference for 
the open water habitat: Jordanella floridae. Taphromysis louisianae.
Palaemonetes paludosus. Trichocorixa louisianae adults and nymphs, 
Buenoa spp. adults, and Chironomidae larvae. Chironomidae larvae 
are known to be bottom dwelling organisms which are most abundant 
in shallow water areas of lakes, ponds and streams (Wirth and Stone 
1973). Usinger (1973) reported Trichocorixa spp. to be abundant 
in small lakes and sewage oxidation ponds. The results of this 
study concurs with the reports of these authors. Little definitive 
biological information was found concerning specific habitat 
preferences of the opossum shrimp, fresh water prawns or the 
flag fish in marsh habitats.
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Members of the following families and genera showed a 
statistically significant preference for the grassy habitat: 
Astacidae (Cambarellus, Frocambarus). Caenldae (Caenis). Baetidae 
(Callibaetis). Coenigrionidae, Libellulidae (Pachydiplax). 
Belostomatidae (Belostoma). Mesoveliidae (Mesovelia). Dytiscidae 
(Hydrovatus . Bidessine , Laccophilus), Noteridae (Suphisellus. 
Hydrocanthus). Hydrophilidae (Tropisternus, Enochrus). Curculionidae 
(Lissorhoptrus. Onychylis, Lixellus). Stratiomyidae, Dolichopodidae, 
Ephydridae and Physidae (Physa). Several authors have reported 
habitat information for some of these species. The mayfly nymphs 
(Caenis spp. and Callibaetis spp.) are basically herbivorous, 
transforming plant tissue into animal (Day 1973), while odonate 
nymphs (Pachydiplax spp. and Coenagrionidae) hide in beds of 
submerged vegetation and actively pursue their prey (Smith and 
Pritchard 1973). Belostomatids remain inconspicuous by resting 
in the trash and mats of vegetation (Usinger 1973). Members of 
Dytiscidae (Hydrovatus spp., Laccophilus spp. and Bidessine) are 
predators, preferring the weedy shallows to the areas without much 
vegetation while the Hydrophilidae (Tropisternus spp. and Enochrus 
spp.) are largely vegetarians (Leech and Chandler, 1973). The 
Noteridae (Suphisellus spp. and Hydrocanthus spp.) are predaceous 
beetles that burrow in the mud around the roots of aquatic paints 
in weedy ponds and lakes (Leech and Chandler 1973). All aquatic
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Curculionidae (Lissorhoptrus spp., Lixellus spp. and Onychylis spp.) 
are closely associated with their host plant (Leech and Chandler 
1973). Little is known of the breeding habitat of Dolichopodidae 
but one species has been reared from decayed vegetation. The larvae 
of Ephydridae live in or on the leaves and stems of aquatic plants 
(Wirth and Stone 1973). Physa spp. are good scavengers and 
essentially omnivorous (Pennak 1953). The findings of this 
preference study generally concur with these literature reports.
Lastly, the aquatic organisms that showed no statistically 
significant preference for either habitat were: Hyalella azteca,
Buenoa spp. (nymphs), Berosus infuscatus (adults), EL exiguus 
(adults), Berosus spp. (larvae), Celina spp, (adults), Enochrus 
spp. (larvae), Tabanidae, Muscidae and Gambusia affinis.
In summary, a comprehensive checklist was compiled 
together with the data relative to the seasonal distribution, 
population density and habitat preference of these aquatic 
organisms. These data provide some insight into the complexity 
of the aquatic ecosystem of Louisiana coastal marsh and indicate 
that the grassy habitats contained the greatest variety of aquatic 
taxa.
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Ecological Impact of Dimilin on Aquatic 
Fauna of a Louisiana Coastal Marsh
Aquatic populations indicating significant reduction following 
Dimilin treatment.
A highly significant (P<0.01) reduction, was detected
in the following non-target aquatic organism populations after 6
applications of Dimilin were applied at a rate of 28 gm Al/ha
when compared with untreated populations: H. azteca, Coenagrionidae
nymphs, Trichocorixa louisianae nymphs, Buenoa spp. nymphs, and
Berosus infuscatus adults (Table 7).
Hyalella azteca (Talitridae)
Prior to the first Dimilin application, H. azteca was 
collected in relative large numbers in the open areas of both 
field plots (Table 8). Samples taken on the day of, but prior to 
the first application, indicated that the scud population was about 
the same in the two plots (Figure 8). However, at the next collec­
tion date, some 13 days after the first application, the untreated 
control area had a significantly greater population of H. azteca 
than the treated area. Scuds were not collected in either the 
treated or untreated plots from 24 June 1974 to 18 March 1975.
As previously mentioned, a severe drought caused the entire marsh 
in the area, including the test plots, to dry completely from early 
July to late August, 1974. No aquatic samples were taken during
Table 7. Analysis of variance for populations of non-target aquatic organisms 
significantly (P<0.01) reduced after exposure to six applications of 
Dimilin (28 gm Al/ha) over an 18 month period in a Louisiana coastal 
marsh habitat.
Source df
Coenagrionidae
(Nymphs)
Trichocorixa 
_(NymphsJ__.
Buenoa
(Nymphs)
MSa LSDb MS LSD MS LSD
Date 28 1.798f 0.0728 26.195f 0.6969 0.215f 0.0177
Areac 1 4.424f 0.0049 31.992f 0.0479 0.459f 0.0012
Date*Area 28 0.763f 0.1455 15.006f 1.3938 0.124f 0.0354
Subarea1* 1 3.473fh 0.0049 39.431fi 0.0479 0.000 0.0012
Date*Subarea 28 0.989f 0.1455 2.966e 1.3938 0.057 0.0354
Area*Subarea 1 0.155 0.0100 29.419f 0.0961 0.000 0.0024
Date*Area*Suba 28 0.257 0,2905 7.614f 2.7855 0.063 0.0707
Error 464 0.189 1.814 0.046
Total 579
8i kNumerical data reported as transformed data or ^actual numbers of insects; ccontrol vs 
treated; dgrassy vs open; Significant (P<0,05); ^highly significant (P<0.01); Bin- 
crease; preference for ^grassy or 1open habitat.
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Table 7. Continued,
Hyaleila Berosus infuscatus
(Mixed Stages) (Adults)
Source df MSa LSDb MS LSD
Date 28 16.150f 0.1974 3.116f 0.0501
Areac 1 29.101f 0.0136 1.636f 0.0034
Date*Area 28 2.899e 0.3948 0.268f 0.1003
Subarea^ 1 0.663 0.0136 0.167 0.0034
Date*Subarea 28 5.035f 0.3948 0.131 0.1003
Area*Subarea 1 4.288f 0.0272 0.185 0.0069
Date*Area*Suba 28 1.437f 0.7885 0.375f 0.2005
Error 464 0.514 0. 131
Total 579
Numerical data reported as transformed data or ^actual numbers 
of insects; ccontrol vs treated; ^grassy vs open; Significant 
(P<0.05); ^highly significant (P<0.01); Sincrease; prefer­
ence for ^grassy or ^open habitat.
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Table 8. Populations of Hyalella azteca significantly (P<0.01) 
reduced after exposure to six applications of Dimilin 
(28 gm Al/ha) over an 18 month period in Louisiana 
coastal marsh habitats.
Hyalella azteca 
(Mixed Stages)
X no. organisms per 0.09 m
Control a Treated
Date Grass vs Open X Grass vs Open X
1974
05 14 0.2 7.0 3.6 1.2 4.0 2.6
05 27 6.8 14.8 10.8 2.2 2.6 2.4
06 lit 8.4 44.4 26.4 12.6 48.6 30.6
06 24d 7.6 15.2 11.4 0.6 4.4 2.5
09 06 0 0 0 0 0 0
09 20t 0 0 0 0 0 0
10 04 0 0 0 0 0 0
10 18 0 0 0 0 0 0
11 06 0 0 0 0 0 0
11 14 0 0 0 0 0 0
12 11 0 0 0 0 0 0
12 19 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0
01 21t 0 0 0 0 0 0
02 04 0 0 0 0 0 0
02 18 0 0 0 0 0 0
03 18 0 0 0 0 0.8 0.4
04 03 0.2 0.2 0.2 0.6 0 0.3
04 LV 0 0.8 0.4 0 1.6 0.8
05 o r 0 0.6 0.3 0 0 0
05 13 9.0 2.8 5.9 0 1.0 0.5
05 26 11.8 1.4 6.6 0 0.6 0.3
06 12t 10.4 1.8 6.1 2.0 0.2 1.1
07 07 20.4 2.8 11.6 2.6 0.4 1.5
07 21 40.0 4.4 22.2 1.0 2.6 1.8
08 01 7.8 6.2 7.0 0.6 0 0.3
08 17 4.2 0.6 2.4 1.0 1.4 1.2
09 15t 7.6 8.4 8.0 2.8 1.6 2.2
10 26 22.8 1.0 11.9 15.8 2.8 9.3
5.42b 3.88 1.48 2.50
4. 648c 1.993
aDate means; bsubarea means; carea means; ^drought; ttreatment dates
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this period. Scuds were collected again 18 March 1975 and from 
that time they increased in population density in the untreated 
plot. The Dimilin application of 17 April 1975 significantly 
reduced the H. azteca populations in the treated plot. During this 
time, greater numbers of scuds were collected from the grassy areas 
of the control plot as well as in the treated plot, although fewer 
were collected in the latter. Miura and Takahashi (1975) have 
also reported some suppression of H. azteca populations in irrigated 
pastures treated with Dimilin at 28 gm Al/ha.
These data indicate that the scud, H. azteca. was quite
susceptible to field applications of Dimilin. Scud populations
2
averaged A.65/0.09 m in the untreated plots during the 18-month 
study. Thus, the author considered H. azteca to be an excellent 
non-target organism for use in determining the impact of potential 
mosquito control chemicals on Louisiana marsh habitats.
Coenagrionidae nymphs
Pretreatment counts on the date of the first Dimilin 
application indicated that damselfly nymph populations were 
essentially the same in the treated and untreated plots with 
greater numbers collected in the grassy areas of both plots 
(Table 9). Data collected 2 weeks later indicated the damselfly 
nymph population had been eliminated in the treated plot, while 
significantly greater numbers were present in the control plot.
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Table 9. Populations of Coenagrionidae nymphs significantly
(p^O.Ol) reduced after exposure to six applications of 
Dimilin (28 gm Al/ha) over an 18 month period in 
Louisiana coastal marsh habitats.
Coenagrionidae 
_  (Nymphs)
X no. organisms per 0.Q9
Date
Control 
Grass vs Open
a
X
Treated 
Grass vs Open X
1974 
05 14 0.8 3.2 2.0 0 3.4 1.7
05 27 2.4 1.4 1.0 0.2 1.2 0.7
06 lit 4.2 0.2 2.2 4.2 1.0 2.6
06 24d 0.4 0.2 0.3 0 0 0
09 06 0 0 0 0 0 0
09 20t 1.8 3.6 2.7 2.4 3.8 3.1
10 04 2.2 2.2 2.2 0 0.2 0.1
10 18 1.4 2.8 2.1 0.6 0 0.3
11 06 10.6 4.0 7.3 3.0 1.4 2.2
11 14 2.4 2.2 2.3 0.6 0.6 0.6
12 11 3.2 1.8 2.5 1.4 0 0.7
12 19 4.4 3.4 3.9 0.6 0 0.3
1975
01 07 0 0.2 0.1 0.4 0 0.2
01 21t 0 0.6 0.3 0.4 0.4 0.4
02 04 1.2 1.8 1.5 0 0.4 0.2
02 18 0.8 1.4 1.1 0 0.6 1.3
03 18 0 0.4 0.2 0 0.2 0.1
04 03 0 1.4 0.7 0.2 0 0.1
04 14t 0.4 0 0.2 0 0 0
05 01 0.2 0 0.1 0 0 0
05 13 2.6 0 1.3 0 0 0
05 26 2.8 0.4 1.6 2.0 0.4 1.2
06 12t 1.6 0.8 1.2 2.2 0 1.1
07 07 2.6 1.6 2.1 2.2 1.2 1.7
07 21 2.6 0.2 1.4 6.6 0.2 3.4
08 01 2.4 0.6 1.5 10.0 2.0 6.0
08 17 0.6 0 0.3 2.0 0.2 1.1
09 15t 0.6 0.2 0.4 0.2 0.2 0.2
10 26 1.0 0 0.5 0.2 0.4 0.3
1.83b 1.28 1.36 0.61
1.558c 0.986
g L 0 t*
Date means; subarea means; area means; “drought; -treatment dates
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The same phenomenon occurred following the second and third
treatment on 20 September 1974 and 21 January 1975, respectively
(Figure 9). The pretreatment counts on 20 September 1974 were
ca the same in both plots and the post-treatment counts indicated
a near elimination of the damselfly nymph population in the treated
plots while the control populations remained almost constant. The
control population continued to increase to an average of 7.3 
2
nymphs/0.09 m in early November. The treated population never 
reached the pretreatment levels of 20 September 1974 during the 
remainder of 1974. By January, 1975, the damselfly nymph popula­
tions were again essentially the same in both the treated and 
untreated plots. Following the third application of Dimilin on 
21 January 1975, the nymph population continued to increase in 
the control plot while the treated population experienced a 
reduction and remained below pretreatment levels for the next 2 
months.
The absence of nymphs in the treated plot in early spring 
of 1975 while their presence was recorded in the control plot 
cannot be explained. Neither can the apparent lack of response 
to the treatments in June and September of 1975 and the signifi­
cantly greater numbers of nymphs that were collected in the treated 
plot in the summer of 1975 be explained. The possibility exists 
that a more rapid degradation of Dimilin in warmer months may have
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decreased the exposure time of the coenagrionid nymphs in the
summer, thus decreasing its effect. No specific literature was
found concerning the effect of Dimilin on nymphs of Coenagrionidae,
although authors have reported their presence in their study plots
(Steelman et al. 1975),
The data in Tables 7 and 9 indicate that throughout the
18 month study, Coenagrionidae nymphs showed a highly significant
preference for the grassy habitat. The damselfly population
2
averaged 1.56 nymphs/0.09 m in the control plot and were considered 
an important year-round predator in both the grassy and open 
habitats. A significant (P^0.0111) negative correlation was 
obtained between Coenagrionidae nymphs and Trichocorixa louisianae 
adults but the existance of a definite predator-prey relationship 
was not apparent from these data.
Trichocorixa louisianae (Corixidae) nymphs
Prior to the first Dimilin application, the nymphal
populations of Trichocorixa louisianae in both the treated and
untreated plots were declining so that at the time of treatment,
only a few nymphs were collected in the grassy habitat of the
treated plot (Table 10). Following the treatment and prior to
the onset of drought conditions, the untreated control population
began to show some signs of a reproductive cycle with an average
2
of 2.2 nymphs/0.09 m  , while the nymphal population in the treated
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Table 10. Populations of Trichocorixa louisianae nymphs signifi­
cantly (P<0.01) reduced after exposure to six applica­
tions of Dimilin (28 gm Al/ha over an 18 month period 
in Louisiana coastal marsh habitats.
X
Trichocorixa louisianae 
(Nymphs) 
no: organisms per 0.09 m^
Date
Control 
Grass vs Open
a
X
Treated 
Grass vs Open X
1974 
05 14 0.8 6.6 3.7 2.0 0.4 1.2
05 27 1.6 0.2 0.9 0.8 0.2 0.5
06 lit 0 0 0 0.8 0 0.4
06 24 d 2.2 0.8 1.5 0.4 0 0.2
09 06 30.8 115.4 73.1 56.6 0.6 28.6
09 20t 4.2 22.6 13.4 12.8 2.6 7.7
10 04 0.2 15.2 7.7 0.4 1.2 0.8
10 18 17.4 1.4 9.4 0 0.4 0.2
11 06 15.0 55.4 35.2 0.2 2.0 1.1
11 14 3.4 33.4 18.4 2.2 0.4 1.3
12 11 0.8 9.6 5.2 1.0 11.6 6.3
12 19 0.8 3.6 2.2 0.6 3.0 1.8
1975
01 07 0.4 1.8 1.1 10.0 10.0 10.0
01 21t 0.2 0.2 0.2 4.0 30.2 17.1
02 04 0.6 1.6 1.1 1.2 0.6 0.9
02 18 1.8 0 0.9 2.4 4.4 3.4
03 18 0.4 1.4 0.9 1.0 1.0 1.0
04 03 4.4 12.6 8.5 50.8 54.2 52.5
04 14t 4.8 4.6 4.7 2.2 1.8 2.0
05 01 6.6 10.4 8.5 4.6 20.4 12.5
05 13 63.4 39.2 51.3 3.4 2.6 3.0
05 26 0.6 23.8 12.2 0.8 0.4 0.6
06 12t 0 22.4 11.2 0 0 0
07 07 0 10.6 5.3 0 1.6 0.8
07 21 0 5.8 2.9 0 0 0
08 01 0 0 0 0 0 0
08 17 0 0.4 0.2 0 2.0 1.0
09 I5t 0 0 0 0 0 0
10 26 1.4 0 0.7 0 0.2 0.1
5.57b 13.76 5.46 5.23
9.668c 5.344
aDate means; bsubarea means; carea means; ^drought; ttreatment dates
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plot showed a continuous decline. Thus, at 2 weeks following the 
first treatment, a statistically significant greater number of 
nymphs were collected in the control plot than in the treated plot.
Following the drought in 1974, both treated and control 
population trends indicated that an immediate reproductive cycle 
began with the late summer rains. A significantly higher number 
of nymphs were collected in the control plot than in the treated 
plot on 6 September 1974 (Table 10) but a significantly higher 
number of adults were present in the treated plot on that collection 
date (Table 14).
It is interesting to note here that the highest collec­
tions on 6 September 1974 occurred in the open water habitat of the 
control plot while practically none were collected in the open 
habitat of the treated area. This trend continued for the next 
month.
On the date of the second Dimilin treatment (20 September 
1974), both pretreatment Trichocorixa louisianae populations were 
declining at approximately the same rate. Following this treatment 
the treated population began to decline at a more rapid rate which 
indicates possible influence of the chemical. The control popula­
tion underwent a significant population increase in late October 
and November (Figure 10), however, the treated population appeared 
to be still under the influence of the treatment. The treated 
population showed only a gradual increase until its population
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curve once again coincided with the control population on 
11 December 1974.
The treated population curve (Figure 10) indicated 
that a reproductive cycle began in early January. However, 2 
weeks following the 21 January 1975 treatment the Trichocorixa 
louisianae nymphal population was almost absent with no resulting 
increase in adult population (Table 14). The effects of winter 
weather on this generation is not known. Pre-treatment counts 
on 14 April 1975 showed that a significantly higher number of 
nymphs was collected in the control plot but by 2 weeks following 
the treatment of 17 April 1975, more nymphs were collected in the 
treated plot. This reversal cannot be explained. For the remainder 
of 1975, the population level of nymphs in the treated plot 
remained below that of the control population and were almost 
at zero. The only exception occurred on 17 August 1975 when 
a small number of nymphs were collected in the treated plots.
Miura and Takahashi (1975) and Miura et al. (1975) 
report "slight" nymphal mortality in Corixidae when irrigated 
pastures and experimental ponds were treated with Dimilin.
Steelman et al. (1975) reported no significant reduction in nymphal 
populations of Corixidae. In the present study a number of signi­
ficant negative correlations were observed between Trichocorixa 
louisianae nymphs and other organisms. These included ephemeropteran
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and odonate nymphs, immatures of Belostoma spp., Hydrovatus so. 
and Bidessine and adults of Hydrovatus sp., Suphisellus sp. and 
Hydrocanthus sp. The biological signficance, if any, of these 
negative correlations is not readily apparent. Different periods 
of seasonal activity may have influence on some of these correla­
tions.
Of great interest is the lack of synchrony of the 
Trichocorixa louisianae reproductive cycles in the two plots.
The largest numbers of nymphs were collected in the treated and 
control plots on 3 April 1975 and 13 May 1975, respectively.
This difference of six weeks is striking considering the same 
environmental influences were at work on these 2 populations 
which were only GOO m apart. The results were 2 non-coincident 
generation peaks. The significance of this phenomenon is not 
readily apparent.
These data indicate a significantly (P<0.01) greater 
number of Trichocorixa louisianae nymphs were collected in the 
control plot throughout thisstudy (Tables 7 and 10), thus indi­
cating the influence of Dimilin. Nymphal populations in the 
control area showed a significant (P<0.01) preference for the open 
area throughout the year with the only major exception occurring 
during the peak of the generation (13 May 1975). The treated 
population did not show a significant preference for either
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habitat for the 18 months of this study. The significance of this 
difference in habitat preference response is not known.
Buenoa spp. (Notonectidae) nymphs
Low numbers of nymphs were present in the treated plot 
on the date of the first, second and fifth treatment (Table 11). 
Post treatment counts were zero while nymphs were recorded in the 
control plot. During the fall of 1974, significantly greater 
numbers of Buenoa nymphs were collected in the control plot than 
in the treated plot. The same pattern occurred in the summer of 
1975, The numbers of nymphs and adults collected were small 
(Tables 11 and 14) and, therefore, it is difficult to place any 
biological significance on these sporadic numbers.
One valid observation can be made concerning the popu­
lations of Buenoa spp. nymphs in the grassy and open habitat.
There was essentially no difference in the subarea means within 
each area (Tables 7 and 11), but there existed a highly signifi­
cant (P<0.01) difference between the area means. The effect 
of Dimilin on the treated populations was equal on the organisms 
in both the grassy and open habitats.
Miura and Takahashi (1974a) reported suppression of 
reproduction in selected Notonectidae with no eggs or nymphs being 
observed in artificial containers for more than 2 months after 
treatment. Miura and Takahashi (1975) and Miura et al. (1975)
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Table 11. Populations of Buenoa spp. nymphs significantly (P<0.01) 
reduced after exposure to six applications of Dimilin 
(28 gm Al/ha) over an.18 month period in Louisiana 
coastal marsh habitats.
Buenoa spp.
(Nymphs)
X no. organisms per 0.09 -
Date
Control 
Grass vs Open
_a Treated 
X Grass vs Open X
1974
05 14 0 0 0 0 0 0
05 27 0 0 0 0 0 0
06 lit 0 0 0 0 0.6 0.3
06 24 d 0.2 0 0.1 0 0 0
09 06 0.2 0 0.1 0 0 0
09 20t 0.6 2.4 1.5 1.0 0 0.5
10 04 1.4 1.6 1.5 0 0 0
10 18 3.4 0.4 1.9 0 0 0
11 06 0.2 0.2 0.2 0 0 0
11 14 0.4 0.2 0.3 0 0.2 0.1
12 11 0 0 0 0 0 0
12 19 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0
01 21t 0 0 0 0 0 0
02 04 0 0 0 0 0 0
02 18 0 0 0 0 0 0
03 18 0 0 0 0 0 0
04 03 0 0 0 0 0 0
04 141 0 0 0 0 0 0
05 01 0 0 0 0 0 0
05 13 0 0 0 0 0 0
05 26 0 0 0 0.2 0 0.1
06 I2t 1.0 0 0.5 0.2 0 0.1
07 07 0.2 0 0.1 0 0 0
07 21 0.4 0 0.2 0.6 0.4 0.5
08 01 0.8 2. 6 1.7 0.2 0.4 0.3
08 17 0 0. 8 0.4 0 1.0 0.5
09 15t 0 0 0 0 0 0
10 26 0 0 0 0 0 0
0.30b 0. 28 0.10 0..09
0.293c 0. 093
0
Date means; ^subarea means; carea means; ^drought; t-treatment dates
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observed "slight" nymphal mortality in Notonectidae when irrigated 
pastures and experimental ponds were treated with Dimilin, and 
Steelman et al, (1975) reported no significant (P>0.05) reduction 
in nymphal populations of Notonectidae.
No meaningful correlations existed between Buenoa nymphs 
and the other members of this aquatic habitat.
Berosus infuscatus (Hydrophilidae) adults
Adults of this species occurred in high numbers 
2
(12+/0.09 m  ) in the control plot following the drought of 
1974 but remained at less than one adult/0.09 m^ throughout 1975 
(Figure 5). The sudden presence of water following the drought 
may have caused a concentration of adults in these breeding sites,
A population of adults did not exist at the time of the first 
treatment (Table 12) although Berosus spp. larvae were present in 
both the treated and control plots on that date (Table 14). On 
20 September 1974, the date of the second treatment, there were 
only 0.3 B. infuscatus adults/0.09 in both plots. The popula­
tion of adults in the control plot continued to show an increase 
in the months following this treatment but the treated population 
did not. Significantly greater numbers of larvae were present in 
the treated plot than in the control plot on this treatment date 
(20 September 1974) and the collection date that followed (Table 14), 
but the adult population in the treated plot remained low after this
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Table 12. Populations of Berosus infuscatus adults significantly 
(P<0.01) reduced after exposure to six applications of 
Dimilin (28 gm Al/ha) over an 18-raonth period in 
Louisiana coastal marsh habitats.
Berosus infuscatus 
_  (Adults)
X no. organisms per 0.09 m^
Date
Control 
Grass vs Open
a
X
Treated 
Grass vs Open X
1974 
05 14 0.8 0.2 0.5 1.0 0.4 0.7
05 27 0 0 0 0 0 0
06 lit 0 0 0 0 0 0
06 24d 0 0 0 0 0 0
09 06 6.2 18.4 12.3 18.6 3.2 5.9
09 20t 0.4 0.2 0.3 0.2 0.4 0.3
10 04 1.2 1.8 1.5 0 0.4 0.2
10 18 1.6 3.2 2.4 1.2 0 0.6
11 06 6.6 2.8 4.7 3.4 2.8 3.1
11 14 2.8 1.4 2.1 0.4 2.0 1.2
12 11 1.4 0.4 0.9 0.6 0.4 0.5
12 19 0.8 0 0.4 0.2 0.2 0.2
1975
01 07 2.0 2.2 2.1 0.4 0 0.2
01 21t 0 0 0 0.6 0 0.3
02 04 0 0 0 0.2 0 0.1
02 18 0 0 0 0.6 0 0.3
03 18 0.4 0.2 0.3 0.2 0 0.1
04 03 0 0 0 0 0 0
04 14t 0.4 0 0.2 0.6 0 0.3
05 01 1.0 0 0.5 0.2 0 0.1
05 13 0 0 0 0 0 0
05 26 0 0 0 0.4 0 0.2
06 12t 0 0 0 0 0 0
07 07 0 1.0 0.5 0 0 0
07 21 0 0 0 0 0 0
08 01 0 0 0 0 0 0
08 17 0 0 0 0 0 0
09 15t 0 0 0 0 0 0
10 26 0
0. 88b
0,989c
0
1.10
0 0
0.65
0,
0
0.34
.493
0
aDate means; ^subarea means; carea means; ^drought; treatment dates
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treatment. The adult population in the treated plot did not regain 
the level of the adult population in the control plot until early 
November. The adult population in the treated plot may reflect 
the possible effect on late instar larvae or pupae of these 
beetles. The reason for the low populations of 1975 in unknown 
and the effect, if any, of Dimilin on it is not evident.
The B. infuscatus adults exhibited no significant 
preference for either the grassy or open habitat (Tables 7 and 
12), but there was a significant (P^.0,01) difference in the 
populations in the treated and control plots (Table 7). This 
difference may be due to a reduction in emergence of adults from 
treated Berosus spp. larvae although the larval populations of 
Berosus spp. showed no effect of treatment with Dimilin (Tables 
7 and 14).
Reports of the effects of Dimilin on li. infuscatus adults 
could not be found in the literature. The only statistical analysis 
on any Hydrophilidae population affected by Dimilin was reported 
by Steelman et al (1975) in which a highly significant (P<0,01) 
reduction in Tropisternus spp. adults population was observed. 
However, the validity of comparing effects on related genera or 
families could be considered questionable. A highly signficant 
negative correlation was observed between Berosus infuscatus 
adults and Gambusia affinis.
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It has been noted in this discussion that there appears 
to be a greater effect of Dimilin on some species in the open water 
than in the grassy habitat. In the Coenagrionidae, Trichocorixa 
louisianae nymphs and Berosus infuscatus adults, the populations
in the open water appeared to be affected to a greater extent.
Several factors could be involved. The vegetation in the grassy 
habitat does in factscreen out some of the spray during treatment 
while all the spray reaches the water surface in the open habitat.
On the other hand, the dilution factor in the shallower grassy 
habitat is not as great as in the deeper open water. These factors
may or may not cancel out one another.
The population density (subarea means) of Coenagrionidae 
nymphs in the grassy and open habitats of the control plot are 
closer than those of the treated plot (Table 9), thus the effects 
of Dimilin may be greater in the open water than in the grassy 
habitat.
The nymphs of Trichocorixa and Buenoa frequent the surface 
of the water and may contact greater concentrations of Dimilin at 
Uhe water surface immediately following Dimilin treatment. The 
difference in the subarea means for the open habitat of the treated 
and control plots (Table 10) is another example of the possible 
greater effect on those nymphs in the open habitat than in the 
grassy one.
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Aquatic populations indicating no significant reduction following 
Dimilin treatment.
Tables 13 and 14 list those aquatic organisms which 
indicated no statistically significant (P>0.05) reduction due to 
Dimilin exposure. This group includes Ephemeroptera and Odonata 
nymphs, Taphromysis louisianae, P. paludosus. Cambarellus sp.,
P. clarki, Physa sp., Noteridae, various adults and larvae of the 
Dytiscidae and Hydrophilidae, Curculionidae, Belostomatidae, 
Mesoveliidae, adults of Trichocorixa louisianae and Buenoa sp,, 
larvae of Chironomidae, Dolichopodidae, Stratiomyidae and Tabanidae 
and the mosquitofish, Gambusia affinis.
However, several organisms listed in Tables 13 and 14 had 
significant (PC0.05 and<0.01) population increases after the 
Dimilin applications when the treated and control populations were 
compared. These were: Physa sp. (snails), Caenis sp. and
Callibaetis sp. (nymphs), Noteridae (larvae), Hydrovatus cuspidatus 
(adults), Hydrovatus sp, (larvae), the Bidessine (larvae), Mesovelia 
mulsanti Jaczewski (adults), Trichocorixa louisianae (adults), 
dipterous larvae of the families Chironomidae, Ephydridae, 
Dolichopodidae and Tabanidae the fish Gambusia affinis and 
Jordanella floridae Goode and Bean.
The work by Steelman et al, (1975) was the only long 
term (3 months) study reported in which the data were statistically 
analyzed. They reported a highly significant (P<0.01) increase
in immature Baetidae and Chironomidae in rice plots treated with 
Dimilin (1.1-280 mg Al/ha), but reported no significant (P>0.05) 
difference in adult Corixidae populations. Other authors reported 
observing a slight "temporary depression" in Baetidae populations 
in ponds treated with Dimilin at 38-56 gm Al/ha (Mulla et al.
1975b and Miura and Takahashi 1975). Mulla et al. (1975a) reported 
"no detectable decline" in adult emergence was affected.
Highly significant (P<0.01) population increases of 
the adult heraipterans (Trichocorixa louisianae and Mesovelia 
mulsantj) were observed in this study. Steelman et al. (1975) 
reported data showing an increase, although not considered 
significant, in adult Corixidae populations. The author could 
find no literature reporting the effects of Dimilin on the 
remaining organisms that showed population increases during this 
study.
Population increases in adults of a species in a marsh 
habitat could result from greater survival of the immature stages 
or from the migration of greater numbers of adults into the 
immediate area that was sampled.
Hydrovatus. Mesovelia and Trichocorixa adults were 
collected in greater numbers in the treated plot when compared 
to the control plot. The fact that both larvae and adults of 
Hydrovatus were collected in greater numbers in the treated plot 
suggests the possibility of greater survival of the immature stages,
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thus increasing the numbers of adults. The larger number of adult 
Mesovelia collected in the treated plot could be a result of 
increased survival of its nymphs and apterous females. Perhaps 
Dimilin's effect on one or more of the predators of these species 
is responsible, or perhaps other environmental factors are. The 
fact that the nymphs of Trichocorixa were significantly reduced 
in the treated plot while greater numbers of adults were collected 
there suggests the possibility of immigration of adults into the 
plot to fill the void created by the reduction of nymphs. 
Intraspecific competition is a possibility also.
Population increases in predatory fish and insects could 
be a direct result of an abundance of prey. More Gambusia and 
Jordanella were collected in the treated plot than in the control 
plot. Washino and Hokama (1967) reported the following insects 
to comprise a significant proportion of the diet of Gambusia affinis; 
Ephemeroptera, Odonata, Hemiptera (Corixidae), Coleoptera 
Tropisternus and Laccophilus) and Diptera (Chironomidae). The 
fact that several of the organisms having significant population 
increases are known to be important food items of Gambusia tends 
to suggest the possibility that the fish are responding to an 
abundance of food rather than to any direct effect of Dimilin.
The larvae of three insect families that were collected 
in greater numbers in the treated plot were reported to be
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predatory on other aquatic invertebrates (Wirth and Stone 1973;
Leech and Chandler 1973). They are the larvae of: Dolichopodidae,
Tabanidae and Dytiscidae (Hydrovatus and the Bidessine group). The 
possibility exists that the increases in the number of these predatory 
larvae is either a direct result of more abundant prey or the 
influence of Dimilin on one or more of these predators.
The Ephemeroptera and Ephydridae (Diptera) are reported 
to be herbivorous (Wirth and Stone 1973). The Chironomidae 
(Diptera) are bottom dwellers feeding on detritus and plankton.
The feeding habits of the Noteridae (Coleootera) larvae are not 
known but their burrowing habits and their mandibular structure 
suggests they may feed on both plant and animal matter (Leech 
and Chandler 1973). The population increases of these species 
suggests that the possibility of Dimilin affecting one or more 
of their predators is perhaps the most plausible. The reason for 
the greater numbers of Phvsa snails in the treated plot is not known.
It was discussed earlier that a greater kill ratio 
existed in the open habitat than in the grassy habitat. Then, 
the lack of significant reductions as a result of Dimilin treat­
ment of those organisms in Table 14 that prefer the open habitat 
carries greater significance. Collections of Taphromysis louisianae.
paludosus and Chironomidae larvae were consistently greater in 
the open habitats, and the populations in the open water were
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practically identical for the latter 2 species. Another factor 
exists in that these three species visit the water surface less 
frequently than the hemipteran populations that were significantly 
reduced. And finally, the definite possibility exists that the 
susceptibility of these species is not equal.
These data indicate that the six applications of Dimilin 
(28 gm Al/ha) over an 18-month period did influence the ecological 
balance in this intermediate marsh community. The data obtained 
was not adequate to provide explanations of the biological signi­
ficance of introducing Dimilin into such a complex ecosystem. 
Perhaps this research will stimulate future biological investi­
gations into the complex ecology of the marsh.
Table 13. Analysis of variance for populations of non-target aquatic organisms not significantly 
(P>0.05) reduced after exposure to six applications of Dimilin (28 gm Al/ha) over an 
18 month period in a Louisiana coastal marsh habitat.
Taphromvsis 
(Mixed Stages)
Palaemonetas 
(Mixed Stages)
Cambarellus & Procambarus 
(Mixed Stages)
Physa 
(Mixed Stages)
Source df MSa LSDb MS LSD MS LSD MS LSD
Date 28 11.872f 0.2401 1.282f 0.0365 1.241^ 0.0493 0.507f 0.0469
Area0 1 0.209 0.1656 0.113 0.0025 0.007 0.0039 2.053fg 0.0032
Date*Area 28 0.849 0.4801 0.397f 0.0729 0.510f 0.0985 0.265f 0.0938
Subarea*^ 1 27.265fi 0.1656 2.876fi 0.0025 5.049fh> 0.0039 1.227fh 0.0032
Date*Subarea 28 8.029f 0.4801 0.307f 0.0729 0.162 0.0985 0.410f 0.0938
Area*Subarea 1 0.994 0.0331 0.019 0.0050 0.001 0.0067 0.019 0.0064
Date*Area*Suba 28 0.433 0.9600 0.139 0.1459 0.144 0.1971 0.174 0.1876
Error 464 0.625 0.095 0.128 0.122
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; dgrasgy
vs open; Significant (P<0.05); ^highly significant (P<0,01); ^increase; preference for ^grassy or
•‘■open habitat.
Table 13. Continued.
Source
Caenis 
(Nymphs)
Callibaetis 
(Nymphs)
Pachydiplax 
(Nymphs)
Belonia & Anax 
(Nymphs)
df MSa LSD MS LSD MS LSD MS LSD
Date 28 0.108f 0.0081 4.378f 0.0330 0.961f 0.0248 0.125f 0.0165
Areac 1 0.121eS 0.0006 0.971fS 0.0023 0.112 0.0017 0.136 0.0011
Date*Area 28 0.061f 0.0162 0.303f 0.0660 0.140f 0.0495 0.072e 0.0331
Subarea1* X 0.146fh 0.0006 1.532fh 0.0023 1.107fh 0.0017 0.695fh 0.0011
Date*Subarea 28 0.103f 0.0162 0.302f 0.0660 0.I62f 0.0495 0.096f 0.0331
Area*Subarea 1 0.300f 0.0011 1.182f 0.0045 0.048 0.0034 0.341f 0.0022
Date*Area*Suba 28 0.034e 0.0324 0.519 0.1317 0.112e 0.0985 0.085f 0.0662
Error 464 0.021 0.086 0.064 0.043
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy 
vs open; Significant (P<0.05); ^highly significant (P<0.01); ^increase; preference for ^grassy or
1open habitat.
Table 13. Continued.
Source df
Suphisellus
(Adults)
Hydrocanthus
(Adults)
Noteridae
(Larvae)
Celina
(Adults)
MSa LSDb MS LSD MS LSD MS LSD
Date 28 12.001f 0.2026 0.410f 0.0173 2.389f 0.0658 0.035f 0.0033
Area0 1 0.147 0.0139 0.084 0.0012 1.211fS 0.0045 0.000 0.0002
Date*Area 28 1.271f 0.4053 0.028 0.0346 0.335f 0.1316 0.009 0.0066
Subarea^ 1 2.705eh 0.0139 1.179fh 0.0012 5.039fh 0.0045 0.033 0.0002
Date*Subarea 28 1.692f 0.4053 0.218f 0.0346 1.433f 0.1316 0.011 0.0066
Area*Subarea 1 0.007 0.0279 0.053 0.0023 0.021 0.0090 0.001 0.0004
Date*Area*Suba 28 0.657 0.8107 0.043 0.0692 0.217 0.2632 0.006 0.0132
Error 464 0.52 7 0.045 0.171 0.008
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); ^increase; preference for ^grassy or
1open habitat.
Table 13. Continued.
Source
Hydrovatus
(Adults)
Hydrovatus
(Larvae)
Liodessus
(Adults)
Bidessine
(Larvae)
df MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.542f 0.0231 0.418f 0.0283 0.033f 0.0042 0.912f 0.0582
Areac 1 0.889fS 0.0015 0.385eS 0.0019 0.001 0.0003 0.770e§ 0.0040
Date*Area 28 0.135f 0.0461 0.089 0.0567 0.013 0.0084 0.316f 0.1165
Subarea** 1 2.566fh 0.0015 2.358fh 0.0019 0.091fh 0.0003 9.040fh 0.0040
Date*Subarea 28 0.239f 0.0461 0.365f 0.0567 0,019e 0.0084 0.787f 0.1165
Area*Subarea 1 0.302e 0.0031 0.243 0.0039 0.006 0.0006 0.912 0.0080
Date*Area*Suba 28 0.094e 0.0922 0.088 0.1135 0.009 0.0166 0.326^ 0.2330
Error 464 0.060 0.074 0.011 0.152
Total 479
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); Sincrease; preference for ^grassy or
i-open habitat.
Table 13. Continued.
Source
Laccophilus
(Adults)
Laccophilus
(Larvae)
Enochrus blatchleyi 
(Adults)
Enochrus
(Larvae)
df MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.027f 0.0048 0.301f 0.0138 0.091f 0.0057 0.045f 0.0076
Areac 1 0.031 0.0003 0.019 0.0009 0.043 0.0004 0.016 0.0005
Date*Area 28 0.016 0.0096 0.039 0.0276 0.068f 0.0113 0.038f 0.0152
Subarea** 1 0.167fh 0.0003 0.480fh 0.0009 0.135fh 0.0004 0.055 0.0005
Date*Subarea 28 0,026f 0.0096 0.093f 0.0276 0.047f 0.0113 0.039f 0.0152
Area*Subarea 1 0.031 0.0006 0.093 0.0019 0.006 0.0008 0.021 0.0010
Date*Area*Suba 28 0.013 0.0190 0.08lf 0.0553 0.040f 0.0227 0.032e 0.0304
Error 464 0.013 0.036 0.015 0.019
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); Sincrease; preference for ^grassy or
^open habitat.
Table 13. Continued.
Trooisternus lateralis 
(Adults)
Tropisternus
(Larvae)
Berosus exiguus 
(Adults)
Berosus
(Larvae)
Source df MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.258f 0.0129 0.191f 0.0169 0.705f 0.0109 8.629f 0.2431
Areac 1 0.082 0.0008 0.115 0.0012 0.057 0.0007 0.635 0.0167
Date*Area 28 0.054e 0.0258 0.058 0.0339 0.107f 0.0218 1.796f 0.4863
d
Subarea 1 0.259fh 0.0008 0.798fh 0.0012 0.027 0.0007 1.998 0.0167
Date*Subarea 28 0.059* 0.0258 0.111f 0.0339 0.016 0.0218 1.961f 0.4863
Area*Subarea 1 0.000 0.0017 0.038 0.0023 0.007 0.0015 6.967f 0.0335
Date*Area*Suba 28 0.037 0.0515 0.066e 0.0676 0.022 0.0436 1.973f 0.9725
Error 46 4 0.034 0.044 0.028 0.633
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); ^increase; preference for ^grassy or
1open habitat.
Table 13. Continued.
Lissorhoptrus Lixellus Onychylis Lissorhoptrus
(Adults') (Adults) (Adults) (Larvae)
Source df MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.010® 0.0024 0.039f 0.0061 0.095f 0.0053 0.157f 0.0189
Area0 1 0.001 0.0002 0.047 0.0004 0.000 0.0003 0.061 0.0013
Date*Area 28 0.011e 0.0047 0.028f 0.0122 0.043f 0.0107 0.074e 0.0378
Subarea** 1 0.039eh 0.0002 0.172fh 0.0004 0.326fh 0.0003 1.492fh 0.0013
Date*Subarea 28 0.009e 0.0047 0.026e 0.0122 0.046f 0.0107 0.148f 0.0378
Area*Subarea 1 0.009 0.0003 0.013 0.0008 0.000 0.0007 0.173 0.0026
Date*Area*Suba 28 0.012f 0.0094 0.012 0.0243 0.029f 0.0213 0.068 0.0756
Error 464 0.006 0.016 0.014 0.049
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; esignificant (P<0.05); ^highly significant (P<0.01); ^increase; preference for ^grassy or
xopen habitat.
Table 13. Continued.
Source df
Belostoma
(Adults)
Belostoma
(Nymphs)
Mesovelia
(Adults)
Mesovelia
(Adults)
MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.018 0.0048 0.140f 0.0146 0.062f 0.0067 0.089f 0.0139
Areac 1 0.034 0.0003 0.000 0.0010 0.255fS 0.0005 0.068 0.0009
Date*Area 28 0.016 0.0096 0.051 0.0292 0.046f 0.0134 0.069f 0.0069
j
Subarea 1 0.082eh 0.0003 0.208eh 0.0010 0.195fh 0.0005 0.355fh 0.0009
Date*Subarea 28 0.017 0.0096 0.082f 0.0292 0.049f 0.0134 0.087f 0.0069
Area*Subarea 1 0.034 0.0006 0.064 0.0020 0.038 0.0009 0.040 0.0019
Da t e *Area*Suba 28 0.013 0.0193 0.042 0.0586 0.045f 0.0268 0.068f 0.0559
Error 464 0.013 0.038 0.017 0.036
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); gincrease; preference for hgrassy or
Spen habitat.
Table 13. Continued.
Source df
Trichocorixa
(Adults)
Buenoa
(Adults)
Ephydridae
(Larvae)
Chironomidae 
(Larvae)
MSa LSDb MS LSD MS LSD MS LSD
Date 28 28.59f 0.0635 0.245f 0.0210 7.367f 0.0377 114.29f 0.9462
Areac 1 27.98fS 0.0416 0.086 0.0015 9.075fS 0.0260 10.84e8 0.0652
Date*Area 28 4.67f 1.2069 0.166f 0.0420 3.758f 0.0754 19.63f 1.8924
Subarea** 1 182.67fi 0.0416 0.521fi 0.0015 73.164fh 0.0260 360.17fi 0.0652
Date*Subarea 28 25.50f 1.2069 0.076 0.0420 4.824f 0.0754 62.23f 1.8924
Area*Subarea 1 0.09 0.0829 0.001 0.0028 0.629 0.0520 0.01 0.1305
Date*Area*Suba 28 5.28f 2.4149 0.119 0.0835 1.608e 1.5085 6.63f 3.7848
Error 464 1.57 0.055 0.982 2.46
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P<0.01); ^increase; preference for ^grassy or
Lopen habitat.
Table 13. Continued.
Source df
Dolichopodidae
(Larvae)
Muscidae
(Larvae)
Stratiomyidae
(Larvae)
Tab an i da e 
(Larvae)
MSa LSDb MS LSD MS LSD MS LSD
Date 28 0.626f 0.0323 0.011f 0.0022 0.123f 0.0096 0.036e 0.0078
Areac 1 0.939fg 0.0022 0.019 0.0001 0.077 0.0006 0.125eg 0.0005
Date*Area 28 0.362f 0.0647 0.012f 0.0044 0.033 0.0193 0.022 0.0157
Subarea^ 1 2.654fh 0.0022 0.021 0.0001 0.220fh 0.0006 0.002 0.0005
Date*Subarea 28 0.452f 0.0647 0.011f 0.0044 0.081f 0.0193 0.025 0.0157
Area*Subarea I 0.4268 0.0044 0.001 0.0003 0.008 0.0013 0.058 0.0010
Da t e"Area*Suba 28 0.255f 0.1293 0.013f 0.0087 0.011 0.0385 0.019 0.0315
Error 464 0.084 0.006 0.025 0.021
Total 579
Numerical data reported as transformed data or ^actual numbers of insects; ccontrol vs treated; ^grassy
vs open; Significant (P<0.05); ^highly significant (P <0.01); ^increase; preference for ^grassy or
tpen habitat.
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Table 13. Continued.
Gambusia 
(Mixed Aces')
Jordonella 
(Mixed Aces')
Source df MSa LSDb MS LSD
Date 28 3.815f 0.0663 0.040f 0.0018
Areac 1 1.867fg 0.0045 0.031eg 0.0001
Date*Area 28 0.078f 0.1327 0.028f 0.0036
Subarea^ 1 0.386 0.0045 0.139fi 0.0001
Date*Subarea 28 0.326f 0.1327 0.036f 0.0036
Area*Subarea 1 1.587f 0.0091 0.044f 0.0002
Date*Area*Suba 28 0.374f 0.2653 0.032f 0.0071
Error 464 0.173 0.005
Total 579
A bNumerical data reported as transformed data or actual numbers of
insects; ccontrol vs treated; ^grassy vs open; Significant
(P<0.05); ^highly significant (PC0.01); ^increase; preference
for ^grassy or 1open habitat.
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Table 14. Populations of aquatic organisms not significantly
(P>0.05) reduced after exposure to six applications of 
Dimilin (28 gm AX/ha) over an 18-month period in Louisiana 
coastal marsh habitats.
—  2
___________ X no. organisms per 0.09 m _____________
Taphromysis louisianae Palaemonetes paludosus
 (Mixed Stages)  (Mixed Stages)
Control Treated „a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.4 0 0 0 0.1 0 1.0 0 0.4 0.4
05 27 0 0 0 0 0 0 0.2 0 0.3 0.1
06 lit 0.8 0 1.0 0.2 0.5 0.6 9.2 0.6 2.0 3.1
06 24 d 0 0.6 0 0 0.2 1.0 4.0 5.8 9.8 5.2
09 06 0 0 0 0 0 0 0 0 0 0
09 20t 0 0 0 0 0 0 0 0 0 0
10 04 0 0 0 0 0 0 0 0 0.2 0.1
10 18 0 0 0 0 0 0 0 0 0 0
11 06 0 0 0 0 0 0 0 0 0 0
11 14 0 0 0 0 0 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0.2 0 0.2 0.1
01 21t 0 0 0 0 0 0 0.6 0. 2 0.2 0.3
02 04 0 0 0 0 0 0 0 0 0.6 0.2
02 18 0 0 0 0 0 0 0.8 0 0.8 0.4
03 18 0 0 0 0 0 0 0 0 0 0
04 04 0 0 0 0 0 0 0.2 0 0 0.1
04 141 0 0.2 0 0.4 0.2 0 0 0 0 0
05 01 0 0.2 2. 0 2.2 1.1 0 0 0 0 0
05 13 1. 2 5.8 0. 2 5.4 3.2 0 0 0 0 0
05 26 8. 8 82.0 0.4 54.6 36.5 0 0.6 0 0 0.2
06 12t 0 15.4 0 31.2 11.7 0 0 0 0.4 0.1
07 07 0 1.2 0 36.0 9.3 0 0 0 0.6 0.2
07 21 0 3.4 0 1.6 1.3 0.2 0.2 0 3.2 0.9
08 01 0 0 0 0 0 0 0 0. 2 0 0.1
08 17 0 0 0 0 0 0 1.8 0 0 0.5
09 15t 0 0 0 0 0 0 0.2 0 0 0.1
10 26 0__  0__ 0 0__ 0 0 I\2 0_ 1.6 0.7
0. 39^__3.75 0. 13 4.54 0. 06 0.69 0. 23 0.70
2.068c 2.331 0.376 0 .469
aDate means; ^subarea means; carea means; ^drought; ttreatment dates
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Table 14, Continued.
—  O
X no. organisms per 0.09 m
Cambarellus & Procambarus Physa
______ (Mixed Ages)_____________   (Mixed Ages')________
Control Treated _a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 3.6 0.8 4.8 0.8
05 27 5.0 3.2 3.8 2.2
06 lit 1.8 1.0 4.4 3.6
06 24d 2.2 0.6 2.4 1.8
09 06 1.0 0.4 1.6 1.4
09 20t 1.4 0.6 0.2 0
10 04 1.4 0.2 0.4 2.2
10 18 0 0.2 2.4 1.2
11 06 0.4 0 0.8 1.4
11 14 1.0 0.2 0.4 0.2
12 11 2.8 4.0 1.2 0.2
12 19 3.0 1.6 0.2 0.2
1975
01 07 0.8 0.6 0.6 0.6
01 21t 1.0 1.0 1.6 0.2
02 04 1.8 1.8 0.2 0.2
02 18 0.6 0 0.2 0.2
03 18 0.4 0.6 0 0
04 04 0 0 0.4 0
04 l*t 0.6 0 0 0
05 01 0.6 0 0.4 0
05 13 0.6 0 0.6 0
05 26 1.0 0 1.6 0
06 12t 0 0 2.6 0
07 07 0.6 0 1.4 0.2
07 21 0 0 0.6 0.4
08 01 0.6 0 0.6 0
08 17 0.2 0 0.6 0
09 15t 0.6 0.2 0.6 0.2
10 26 1.0 0__ 0.6 0.2
1.17^__0.59 1.21 0.60
0.879c 0. 907
2.50 0.2 0.8 1.2 0.2 0.60
3.55 0.8 0.6 1.2 0.4 0.75
2.70 0.6 1.0 0.6 2.2 1.10
1.75 0.6 0.4 0.4 1.2 0.65
1.10 0 0 0.2 0 0.05
0.55 0 0 0 0.2 0.05
1.05 0 0 0.2 0 0.05
0.95 0 0 0.4 0.6 0.25
0.65 0 0 2.4 3.4 1.45
0.45 0 0 1.0 4.0 1.25
2.05 0 0 2.0 0.4 0.60
1.25 0.6 0 1.2 0.6 0.60
0.65 0 0 0.2 0.2 0.10
0.95 0 0 0,2 0 0.05
1.00 0 0 0 0 0
0.25 0 0 0 0 0
0.25 0 0 0 0 0
0.10 0 0 0.2 0.2 0.10
0.15 0 0 0.8 0.4 0.30
0.25 0.6 0 3.2 0.2 1.00
0.30 1.4 0 1.0 0.4 0.70
0.65 1.8 0.2 0 0.2 0.55
0.65 0.2 0 1.4 0 0.40
0.55 0.2 0.2 1.8 0 0.55
0.25 0.2 0 0.2 1.2 0.40
0.30 0.6 0.4 0.6 0 0.40
0.20 0.4 0.6 0.6 0.6 0.55
0.40 0.2 0.4 0.4 0.8 0.45
0.45 9.4
0.61
0.
0.2
0.17
389
2.8
0.80.
0,
0.4 
_0.61 
707
3.20
L _ J i.
aDate means; subarea means; area means; drought; treatment dates
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Table 14. Continued.
-  2 _____________ X no. organisms per 0.09_m_______________________
Caenis Callibaetis
______ (Nymphs)____________________ (Nymphs____ )____
Control Treated _a Control Treated __
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.2 2.0 0 0.4 0.65 0 0 0.2 0 0.1
05 27 0 0.6 0 0 0.15 0 0.4 0.2 0.2 0.2
06 lit 0.2 0 0.4 0.2 0.20 7.6 13.4 20.4 5.4 11.7
06 24 d 0.2 0.2 0.4 0 0.20 0.6 0.8 0.2 0.4 0.5
09 06 0 0 0 0 0 0 0 0 0 0
09 20t 0 0 0 0 0 0 0 0.2 0 0.1
10 04 0 0 0 0 0 0 0 0.2 0.4 0.2
10 18 0 0 0.2 0 0.05 0 0 1.4 1.4 0.7
11 06 0 0 0 0 0 0 0 0.2 0.8 0.3
11 14 0 0 0 0 0 0 0 0.2 0 0.1
12 11 0 0 0 0 0 0 0 0.8 0.6 0.4
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0.4 0 0.1
01 21t 0 0 0 0 0 0 0 0.2 0.4 0.2
02 04 0 0.4 0 0.4 0.20 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0.2 0.1
04 03 0 0 0 0 0 0 0 0.2 0 0.1
04 141 0 0 0 0 0 0 0 0 0 0
05 01 0 0 0 0 0 0.4 0.4 0.8 0 0.4
05 13 0 0 0 0 0 1.8 0.8 3.0 0.2 1.5
05 26 0.2 0 0.2 0 0.10 1.6 0.2 10.6 2.0 3.0
06 12t 0.4 0 2.6 0 0.75 0.4 1.6 2.8 0 1.2
07 07 0 0.2 0.4 0 0.15 2.2 1.0 0.6 2.0 1.5
07 21 0.4 0 2.0 0.2 0.65 1.2 0 0.2 0 0.7
08 01 0.2 0 1.0 0.2 0.35 1.2 0 0.4 0.2 0.5
08 17 0 0 0 0 0 0 0 0.2 0 0.1
09 15t 0 0 0 0 0 0 0 0 0 0
10 26 0__ 0__ 0.8 0.2 0.25 0 0__ 0__ 0__ 0
0.06^__0.12 0.28 0.06 0.59 0.65 1.50._0.49
0.089° 0. 166 0. 620 0 .993
aDate means; ^subarea means; carea means; d^rought; ''treatment dates
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Table 14. Continued.
X no. organisms per 0.09 m^
Pachydiplax
(Nymphs)
Belonia & Anax 
(Nymphs)
Control Treated 
Date Grass vs Open Grass vs Open
_a Control Treated 
X Grass vs Open Grass vs Open X
1974
05 14 0 0 0 0 0 0.8 0 0 0 0.20
05 27 0 0 0 0 0 0 0 0 0. 2 0.05
06 lit 0 0 0.4 0 0.10 0.2 0 0 0 0.05
06 24d 0.2 0.4 0.2 0 0.20 0.2 0 0 0 0.05
09 06 0 0 0 0 0 0 0 0.2 0 0.05
09 20t 0 0 0 0 0 0 0.2 0.4 0 0.15
10 04 0 0 0 0.2 0.05 0.2 0 0 0 0.05
10 18 0.2 1.0 0.2 0 0.35 0 1.8 0.6 0. 2 0.65
11 06 0 0 0.2 0 0.05 0 0 0.2 0 0.05
11 14 0.8 0 0 0.2 0.25 0.4 0 0.4 0 0.20
12 11 0.4 0 0.2 0 0.15 0.4 0 0.2 0 0.15
12 19 0.2 0 0 0 0.05 0 0.4 0 0 0.10
1975
01 07 0 0.4 0 0 0.10 0 0. 2 0 0 0.05
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0.4 0 0 0 0.10 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0 0
04 03 0.4 0 0 0 0.10 0 0 0 0 0
04 0 0 0 0 0 0 0 0 0 0
05 01 0 0 0 0 0 0 0 0 0 0
05 13 0 0 0 0 0 0 0 0 0 0
05 26 0 0 0 0 0 0 0 0 0 0
06 12t 0 0 0.2 0 0.05 0 0 0 0 0
07 07 0.6 0.2 0.6 0 0.35 0 0 0.2 0 0.05
07 21 0.2 0.2 1.6 0.4 0.60 0.4 0 1.8 0 0.55
08 01 1.0 0 1.2 2.0 1.05 0.2 0. 2 1.0 0 0.35
08 17 4.0 0.6 4.2 1.6 2.55 1.2 0 0.8 0.4 0.60
09 15t 1.0 0.2 4.4 1.8 1.75 0 0. 2 3.0 0.2 0.85
10 26 5.4 1.0 1.8 2.8 2.75 0.2 0 3.0 0 0.80
0.51^__0.14 0.52 0.31 0.15 0. 10 0.41_0.03
0. 324° 0.417 0. 124 0. 221
aDate means; ^subarea means; carea means; ^drought; ttreatment dates
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Table 14. Continued.
X no. organisms per 0.09
Trichocorixa louisianae Duenoa
_______ (Adults')__________   (Adults')________
Control Treated _a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open
1974
05 14 8.8 10.8 5.0 3.8 7.1 0 0 0 0.4 0.10
05 27 2.2 0.8 2.6 1.2 1.7 0 0 0 0 0
06 lit 0 0 1.2 1.4 0.7 0 0.8 0 0 0.20
06 24d 1.2 0.8 0.4 0.4 0.7 0 0 0 2.2 0.55
09 06 1.2 4.8 9.0 6.8 5.5 0 0.2 0 0 0.05
09 20t 1.4 4.4 1.2 0.6 1.9 0 0.2 0.2 0 0.10
10 04 2.0 9.4 2.0 2.2 3.9 0 0 0 0 0
10 18 12.6 2.0 1.8 1.4 4.5 0 0.2 1.2 0 0.35
11 06 5.6 12.8 1.0 5.6 6.3 0.2 0.4 0.4 0.6 0.40
11 14 2.3 29.0 31.6 3.6 16.9 0 3.4 0 0 0.85
12 11 1.6 2.8 12.2 12.0 7.2 0 0 0 0 0
12 19 0.4 4.2 10.4 17.4 8.1 0 0 0 0 0
1975
01 07 3.2 1.4 14.0 9.8 7.1 0 0 0 0 0
01 21t 0.2 0.8 4.6 11.4 4.3 0 0 0 0 0
02 04 1.4 1.6 13.4 8.8 6.1 0 0 0 0 0
02 18 6.6 6.2 7.4 110.8 7.8 0 0 0 0 0
03 18 0.4 1.8 3.2 3.0 2.1 0 0 0 0 0
04 03 1.2 9.4 5.0 8.4 6.0 0 0 0 0 0
04 3.2 2.2 1.8 2.0 2.3 0 0 0 0 0
05 01 13.6 8.6 5.2 13,6 10.3 0 0 0 0 0
05 13 7.6 23.0 3.6 30.0 16.1 0 0 0 0 0
05 26 2.8 29.0 7.2 2.6 10.4 0 0.2 0.2 0 0.10
06 12 1.0 65.0 6.2 112.2 46.2 1.2 0 0 0.8 0.50
07 07 0.6 95.4 2.6 110.2 52.2 0 0 0.2 1.0 0.30
07 21 10.4 46.2 1.4 146.8 51.2 0.4 0.2 1.4 4.4 1.60
08 01 1.0 1.6 0 3.2 1.5 0 0.6 0.6 0.2 0.35
08 17 0 4.0 0 9.8 3.5 0.8 1.6 0.2 0.4 0.75
09 15t 0 0.8 0 0.6 0.4 0 0.6 0 0.2 0.20
10 26 0.8 3.0 2.6 3.4 2.5 0 0 0 0 0
3.25bJL3.17 5.40 18.72 0.09 0.29 0.15_0.37
8.210c 12. 062 0 . 189 0 . 268
aDate means; bsubarea means; carea means; ^drought; treatment dates
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X no. organismsi per 0.09 2
Belostoma
(Adults)
Belostoma
(Nvmphs)
Control Treated a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 1.6 0 0 0 0.40 0.6 0.2 0 0 0.20
05 27 0 0.2 0 0 0.05 0 1.4 0 0.2 0.40
06 lit 0 0 0.2 0 0.05 0.2 0.2 0.8 1.0 0.55
06 24 d 0 0 0 0 0 0.4 0.2 0.2 0.6 0.35
09 06 0 0 0 0 0 0 0 0 0 0
09 20t 0 0 0 0 0 0.6 0.2 0.6 1.2 0.65
10 04 0.2 0 0 0 0.05 0 0 0 0 0
10 18 0 0 0 0 0 0.2 0 0 0.4 0.15
11 06 0 0 0 0 0 0 0 0 0 0
11 14 0 0 0 0 0 0 0 0 0.2 0.05
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
13 18 0 0 0 0 0 0 0 0 0 0
04 03 0 0 0 0 0 0 0 0 0 0
04 14c 0 0 0 0 0 0 0 0 0 0
05 01 0 0 0 0 0 0.6 0.2 0 0 0.20
05 13 0 0 0 0 0 0 0 0.4 0 0.10
05 26 0 0 0 0 0 1.0 0 0 0 0.25
06 12t 0 0 0 0 0 0.6 0.4 0.6 0.4 0.50
07 07 0.6 0 0 0 0.15 1.0 0 1.6 0 0.65
07 21 1.0 0 0.2 0 0.30 0.6 0 1.4 0 0.50
08 01 0.2 0 0 0 0.05 1.0 0 0 0.4 0.35
08 17 0 0 0 0 0 1.2 0.2 0.4 0.2 0.50
09 15t 0 0 0.4 0.2 0.15 0.2 0.6 0.2 0.2 0.30
10 26 0.2 0
0.13^__0.01
0.069c
0 0 
0.03 0.01 
0.017
0.05 0 0 
0.28 0.12 
0.203
0
0.21
0
0
_0.17 
.189
0
aDate means; ^subarea means; carea means; ^drought; '"treatment dates
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Table 14. Continued.
X no. organisms per 0.09 m2
Mesovelis mulsanti Mesovelia
(Adults) (Nymphs)
Control Treated a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.6 0.4 0.6 0.4 0.50 0 0.4 0.4 0 0.20
05 27 0 0 0.2 0 0.05 0 0 0 0 0
06 lit 0 0 0.2 0.2 0.10 0 0 0 0 0
06 24 d 0.2 0 0.4 0.6 0.30 0 0 0 0 0
09 06 0 0 0 0 0 0 0 0 0 0
09 20t 0 0 0 0.2 0.05 0 0 0 0 0
10 04 0 0 0 0 0 0 0.2 0 0 0.05
10 18 0 0 0.4 0.2 0.15 0 0 0 0.2 0.05
11 06 0 0.2 0 0.4 0.15 0 0.4 0.2 0 0.15
11 14 0 0 0 0 0 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0.2 0 0 0 0.05 0.8 0 0.2 0 0.25
04 03 0 0 0 0 0 2.0 0 0.4 0 0.60
04 14f 0.2 0 0 0 0.05 0 0 0 0 0
05 01 0.6 0 0.2 0 0.20 4.4 0 0.2 0 1.15
05 13 0.4 0 0.4 0 0.20 0.2 0.2 0 0 0.10
05 26 0 0 0.2 0 0.05 0 0 0.2 0 0.05
06 12t 0 0.2 0.2 0 0.10 0.4 0 0.4 0 0.20
07 07 0 0 0 0. 2 0.05 0.2 0 0 0.2 0.10
07 21 0 0 0.6 0 0.15 0.2 0.2 0.8 0.4 0.40
08 01 0 0 0.2 0. 2 0.10 0 0 0 0 0
08 17 0.2 0 0.2 0 0.10 0.6 0.2 0 0 0.20
09 15t 0 0 0.4 0. 2 0.15 0 0 0.2 0.4 0.15
10 26 0 0 2.8 0 0. 70 0 0 1.0 0 0.25
0.08b 0.03 0.24 0. 09 0.30 0.06 0.14_0.04
0. 055c 0. 166 0. 179 0.089
b d ^
aDate means; subarea means; carea means; drought; treatment dates
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Table 14. Continued.
-  2 
X no. organisms per 0.09 m
Berosus exiguus Berosus
______(Adults)__________________   (Larvae)_
Control Treated _a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.2 0.4 1.2 0
05 27 0.2 0.4 0.4 0
06 lit 0.2 0.2 0.2 0
06 24d 0.4 0 0 0.4
09 06 2.2 1.6 6.2 4.0
09 20t 0 0 0 0.2
10 04 0 0.4 0 0
10 18 0 0 0 0.2
11 06 0.6 0.2 0 0
11 14 0 0 0 0
12 11 0.2 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21t 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0 0 0 0
04 04 0 0 0 0
05 Ol*1 0 0 0 0
05 13 0 0 0 0
05 26 0 0 0 0
06 12t 0 0 0.2 0
07 07 0. 2 0 0.2 0.4
07 21 0 0 0 0
08 01 0 0 0 0
08 17 0 0 0 0
09 15t 0 0 0 0
10 26 0_
0.
_  0_
15b 0.12 
0.134°
0__
0.'29
0.
0__
0.18
234
0.45 2.4 4.0 1.8 1.0 2.3
0.25 2.4 0.2 1.2 1.4 1.3
0.15 0.6 3.2 1.0 0.4 1.3
0.20 0.4 1.0 0.4 1.6 0.9
3.50 9.2 21.0 23.2 5.8 14.8
0.05 0.6 4.6 5.6 14.2 6.3
0.10 1.6 2.0 6. 6 1.2 2.9
0.05 7.0 3.4 1.0 9.0 5.1
0.20 17.4 16.6 23.0 7.0 16.0
0 5.6 8.0 6.2 8.6 7.1
0.05 6.0 6.6 3.6 9.4 6.4
0 1.4 2.8 1.8 2.4 2.1
0 2.0 0.8 0.8 1.0 1.2
0 2.2 2.6 2.0 0.8 1.9
0 3.8 2.8 1.2 1.4 2.3
0 3.0 4.4 0.4 0.6 2.1
0 1.6 2.2 4.0 4.4 3.1
0 0.6 1.0 0.8 0 0.6
0 6.4 7.0 3.0 3.4 5.0
0 12.8 6.8 4.4 2.0 6.5
0 11.4 3.8 2.8 2.0 5.0
0 6.6 2.4 1.8 1.2 4.0
0.05 3.8 0.6 2.6 0.4 1.9
0.20 0.4 1.8 2.0 0.2 1.0
0 0.8 1.4 2.6 0.4 1.3
0 0.4 4.2 1.6 0.8 1.8
0 0.8 2.6 1.0 0.6 1.3
0 1.0 6.4 6.2 3.4 4.3
0 4.0 1.0 32.0 1.8 9.7
4.01 4.32 4.10_2.98
4. 162 3. 982
S H j f
Date means; subarea means; carea means; drought; treatment dates
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—  o
X no. organisms per 0.09 m
Tropisternus lateralis Tropisternus
(Adults)________________   (Larvae)_
Control Treated _a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open
1974
05 14 0.4 0 0.4 0 0.20 0 1.0 0.4 0 0.35
05 27 0 0 0 0 0 0 0 0 0.2 0.05
06 lit 0.2 0 0 0 0.05 0 0 0.2 0 0.05
06 24d 0.8 0 0.4 0 0.30 0 0 0 0 0
09 06 1.8 2.4 1.4 1.0 1.65 0.2 1.4 1.6 1.0 1.05
09 20t 1.2 0 0.4 0.4 0.50 0.2 0.2 0.6 1.4 0.60
10 02 0.2 0 0 0 0.05 0 0 1.0 0 0.25
10 18 0 0.2 1.0 1.2 0.60 0 0 1.2 0.8 0.50
11 06 0.2 0 1.0 0.2 0.35 0 0.2 0.6 0 0.20
11 14 0.2 0.2 0 1.4 1.45 0 0 0.4 0 0.10
12 11 0 0 0 0 0 0 0 0 0.2 0.05
12 19 0.4 0 0 0 0.10 0.2 0 0.2 0 0.10
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0.2 0 0.05 0.6 0 0 0 0.15
04 03 0 0 0 0 0 1.0 0 0.2 0 0.30
04 14 r 0 0 0 0 0 0 0 0 0 0
05 01 0.4 0 0 0 0.10 1.0 0 0.6 0 0.40
05 13 0 0 0.2 0 0.05 0.6 0 1.0 0 0.40
05 26 0.4 0 1.6 0 0.50 2.6 0 1.2 0.2 1.00
06 12t 0 0 0.2 0 0.05 0.2 0.2 0.4 0 0.20
07 07 0 0 0 0 0 0.4 0 1.4 0 0.45
07 21 0 0 0.4 0 0.10 0 0 0 0.2 0.05
08 01 0 0 0 0.4 0.10 0.8 0 0 0. 0.20
08 17 0 0 0 0 0 0 0 0 0 0
09 15t 0 0 0.2 0 0.05 0 0 0 0 0
10 26 0.2 0 0.2 0 0.10 0 0 0.2 0 0.05
0.02b 0.10 0.26 0. 16 0.27 0.10 0.39__0.14
0.159c 0.,210 0. 186 0. 262
l  a  r l  t"
Date means; Dsubarea means; area means; Qdrought; treatment dates
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Table 14. Continued.
Date Gi
X no. organisms per C1.09 „2Cl
Enochrus blatchleyi 
(Adults)
Enochrus
(Larvae)
X
Control Treated 
rass vs Open Grass vs Open
_a Control Treated 
X Grass vs Open Grass vs Open
1974
05 14 0 0.2 0 0 0.05 0.2 0.,8 0. 2 0. 2 0.35
05 27 0 0 0 0 0 0 0.,2 0. 2 0 0. 10
06 lit 0 0 0 0 0 0 0 0 0 0
06 24 H 0 0 0 0 0 0 0 0 0 0
09 06 0 0 0 0 0 0 0.,2 0 0 0.05
09 20t 0.2 0 0 0.2 0.10 0.2 0 0 0. 2 0. 10
10 04 0.2 0 0.2 0 0.10 0.2 0 0 0 0.05
10 18 0.2 0.2 0.8 2.0 0.80 0 0 0 0.2 0.05
11 06 0.2 0 1.8 0.2 0.30 0 0 0.8 0 0.20
11 14 0.2 0.2 0 0.2 0.15 0 0 0 0.4 0. 10
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0.2 0 0 0 0.05
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 1.8 0 0 0 0.45 2. 6 0. 2 0.2 0 1.50
04 03 0 0 0.4 0 0.10 1.2 0 0 0 0.30
04 141 0.2 0 0.6 0 0.20 0 0, 2 0 0.2 0. 10
05 01 0 0 0 0 0 0 0 0 0 0
05 13 0 0 0 0 0 0 0 0 0 0
05 26 0 0 0 0 0 0 0 0 0.2 0.05
06 12t 0 0 0.4 0 0.10 0 0 0.2 0 0.05
07 07 0 0 0 0 0 0 0 0 0 0
07 21 0 0 0.2 0 0.05 0 0 0 0 0
08 01 0 0 0 0 0 0 0 0 0 0
08 17 0 0 0 0 0 0 0 0 0. 2 0.05
09 15t 0 0 0 0 0 0 0 0.2 0 0.05
10 26 0.6 0 0 0 0.15 0.2 0 0.4 0 0. 15
0.12b 0.02 0.15 0.09 0. 17 0.06 0.08__0.06
0.072° 0.121 0.110 0..066
Date means; ^subarea means; carea means; ^drought; ttreatment dates
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Table 14. Continued,
X no . organisms per 0.09 m 2
Hydrovatus cuspidatus 
(Adults)
Hydrovatus 
(Larvae)
Control 
Date Grass vs Open
Treated 
Grass vs Open
_a Control Treated 
X Grass vs Open Grass vs Open X
1974
05 14 0.4 0.6 0.2 0.4 0.40 0 1.4 1.6 0.8 0.95
05 27 0.2 0 0.6 0.8 0.40 0 0 0.2 0 0.05
06 lit 0.2 0.4 0.6 0.2 0.35 0 0.4 0.4 1.0 0.45
06 24 d 0.4 0 0 0 0.10 0 0 0 0 0
09 06 0 0 0 0 0 0 0 0 0 0
09 20t 0 0 0.2 0.2 0.10 0 0 0 0 0
10 04 0.2 0 0 0 0.05 0.2 0 0 0 0.05
10 18 0 0.2 0 0 0.05 0 0 0 0 0
11 06 0 0 0.4 0 0.10 0 0 0 0 0
11 14 0 0 0 0 0 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0 0
04 03 0 0 0 0 0 0 0 0 0 0
04 141 0 0 0 0 0 0 0 0 0 0
05 01 0 0 0.4 0 0.10 0 0 0.2 0 0.05
05 13 0 0 0.6 0 0.15 3.6 0 1.6 0.2 1.35
05 26 0.4 0 1.0 0 0.35 1.2 0 0.6 0 0.45
06 12t 0.6 0 0 0 0.15 0.6 0 0 0 0.15
07 07 1.0 0 2.2 0.2 0.85 2.4 0 3.8 0 1.55
07 21 0.2 0 2.6 0.2 0.75 0.6 0 4.0 0 1.15
08 01 1.2 0.2 5.8 0.6 1.95 2.0 0 4.0 0 1.50
08 17 1.0 0.2 0 0 0.30 0.2 0 3.2 0.6 0.75
09 15t 2.2 0.2 2.4 3.2 2.00 0 0 0.8 0 0.20
10 26 2.0 0.4
0.35^__0. 08
0.210c
1.6
0.76
0
0
0.20
.479
1.00 0
0.37
0.
0
0.06
217
0
0.67.
0 .
0
_0. 09 
379
0
aDate means; ^subarea means; carea means; ^drought; ttreatment dates
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Table 14. Continued.
—  2X no. organisms per 0.09 m
Laccophilus proxinms Laccophilus
______ (Adults)___________ ________(Larvae)__________
Control Treated _a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 1.2 0 0 0 0.30 1.8 0.4 3.0 0 1.30
05 27 0 0 0 0 0 1.4 0.2 1.0 1.2 0.95
06 lit 0 0 0 0 0 0.4 0 0 0 0.10
06 24d 0.4 0.2 0 0 0.15 0 0 0 0 0
09 06 0 0.2 0 0 0.05 0 0 0.2 0.8 0.25
09 20t 0.2 0 0 0 0.05 1.0 0.2 0.4 1.6 0.80
10 04 0.2 0 0 0 0.05 0.2 0 0.2 0 0.10
10 18 0 0 0.2 0.2 0.10 0 0 0 0 0
11 06 0 0 0 0 0 0 0 0 0 0
11 14 0 0 0 0 0 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0 0
04 03 0 0 0 0 0 0.2 0 0.8 0 0.25
04 141 0 0 0 0 0 1.4 0 0 0.2 0.40
05 01 0 0 0 0 0 2.0 0.6 0.8 0.6 1.00
05 13 0 0 0 0 0 0.4 0.2 1.4 0.2 0.55
05 26 1.4 0 0.4 0 0.45 0.2 0 0 0 0.05
06 12t 0.2 0 0.2 0.2 0.15 0 0 1 0 0 0
07 07 0.4 0 0.4 0 0.20 0 0 0 0 0
07 21 0 0 0.4 0 0.10 0 0 0 0 0
08 01 0 0 0 0 0 0 0 0 0 0
08 17 0 0 0.2 0 0.05 0 0 0 0 0
09 15t 0 0 0 0 0 0 0 0 0 0
10 26 0.4 0 0 0__ 0.10 0__ 0__ 0__ 0__ 0
o. i5^__q.oi 0.06 0.01 0.31 0.06 0.27_0.16
0.083c 0.038 0.183 0. 214
aDate means; ^subarea means; carea means; ^drought; ttreatment dates
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Table 14. Continued.
X no. organisms per 0.09 m2
Liodessus affinis Bidessine
(Adults) (Larvae)
Control Treated a Control Treated
Date Grass vs Open Grass vs Open X Gras s vs Open Grass vs Open X
1974
05 14 0.8 0.2 0.6 0.2 0.45 0.2 1.0 0.4 2.8 1.10
05 27 0.6 0 0 0 0.15 1.4 1.0 1.4 0.4 1.05
06 lit 0.2 0 0.2 0 0.10 1.6 0 1.0 0 0.65
06 24<] 0 0 0 0 0 0 0 0 0 0
09 06 0 0 0 0 0 0.2 0.2 0.2 0 0.15
09 20t 0 0 0 0 0 1.0 0.6 1.6 1.8 1.25
10 04 0.4 0 0 0 0.10 0.4 0 0.8 0 0.30
10 18 0 0 0.2 1.0 0.30 0 0 0 0.2 0.05
11 06 0 0 0.2 0 0.05 0 0 0.4 0 0.10
11 14 0 0 0.2 0 0.05 0 0 0 0 0
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0 0 0 0 0 0 0 0.6 0.4 0.25
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0.4 0 0.6 0 0.25 0 0 0 0 0
04 03 0 0 0 0 0 0 0.2 0 0.05
04 141 0 0 0.2 0 0.15 0 0 0 0 0
05 01 0 0 0 0 0 1.8 0.2 1.2 0.4 0.90
05 13 0 0 0 0 0 1.2 0.2 4.0 0 1.30
05 26 0 0.2 0.2 0 0.10 1.4 0 1.0 0 1.35
06 12t 0.2 0 0 0 0.05 1.2 0.4 9.2 0.2 2.75
07 07 0 0 0 0 0 3.8 0 2.8 0 1.65
07 21 0 0 0 0 0 2.2 0 1.6 0 0.95
08 01 0.2 0 0 0 0.05 1.8 0 15.4 0.2 4.35
08 17 0 0 0 0 0 1.2 0 1.4 0.2 0.70
09 15t 0 0 0 0 0 2.0 0 0.4 0.2 0.65
10 26 0 0 0.2 0 0.05 1.0 0 0 0.2 0.30
0.10*__0.01 0.08 0.04 0.77 0.12 1.50_0.24
0. 055C 0.062 0 .448 0. 872
aDate means; *subarea means; carea means; ^drought; ttreatment dates
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Table 14. Continued,
—  2
X no. organisms per 0.09 m
Hydrocanthus Celina aneustata
_____ (Adults)__________________   (Adults_)_
Control Treated _a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open
1974 
05 14 0 0 0 0 0 0.4 0 0 0 0.10
05 27 1.0 0.2 1.2 0.6 0.75 0.6 0.2 0.6 0.6 0.50
06 lit 0.2 0.6 0.4 1.4 0.65 0.6 0.2 0.2 0 0.25
06 24d 0.4 1.0 0 0.4 0.45 0.2 0 0 0 0.05
09 06 0 0 0 0 0 0 0 0.2 0 0.05
09 20t 0 0 0 0 0 0 0 0.2 0 0.05
10 04 0.2 0 0.2 0.2 0.15 0 0 0 0 0
10 18 0 0 0 0 0 0 0 0 0 0
11 06 0 0 0 0 0 0 0 0 0 0
11 14 0 0 0 0.2 0.05 0 0 0 0.2 0.05
12 11 0 0 0 0.2 0.05 0 0 0 0 0
12 19 0.2 0 0 0 0.05 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0. 6 0 0 0.15
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0 0
04 13 0 0 0 0 0 0 0 0 0 0
04 141 0 0 0 0 0 0 0 0 0 0
05 01 0 0 0 0 0 0 0 0 0 0
05 13 0.2 0.2 0 0 0.10 0 0 0 0 0
05 26 1.0 0 1.8 0 0.70 0 0 0 0 0
06 12t 0.6 0.4 0.8 0.2 0.50 0.4 0 0.2 0 0.15
07 07 0.4 0 1.6 0 0.50 0 0 0 0 0
07 21 0.6 0 0.4 0 0.25 0 0 0 0 0
08 01 0.4 0.4 0.8 0.4 0.50 0 0 0.2 0 0.05
08 17 1.6 0.4 1.6 0.6 1.05 0 0 0.2 0 0.05
09 15t 2.0 0.8 4.2 0.2 1.80 0 0 0 0.2 0.05
10 26 1.2 0_ 1.6 0_ 0.70 0__ 0_ 0_ 0_ 0
0.35
b
.___0.14 0.50 0.15 0. 08 0. 03 0.06_0.03
0. 241c 0. 328 0.055 0.048
3Date means; ^subarea means; carea means; ^drought; treatment dates
Table 14. Continued.
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X no. organisms
2
per 0.09 m
Suphisellus
(Adults)
Noteridae
(Larvae)
Control Treated _a 
Date Grass vs Open Grass vs Open X
Control Treated 
Grass vs Open Grass vs Open X
1974
05 14 0.4 1.2 1.8 2.2 1.4 0.2 4.0 0.8 2,4 1.85
05 27 3.2 3.2 3.6 3.2 3.3 1.6 1.4 3.6 1.4 2.00
06 lit 6.4 8.6 3.4 9.6 7.0 2.6 3.0 2.0 1.4 2.25
06 24d 7.2 2.8 7.4 9.6 6.8 0.8 0.4 0.4 1.6 0.80
09 06 2.6 5.6 1.4 1.6 2.8 0,2 0.4 0.2 0 0.20
09 20t 1.0 0.2 3.0 2.2 1.6 0.8 0.2 2.2 4.8 2.00
10 04 0.8 0 2.4 0 0.8 0.8 0 0.2 0 0.25
10 18 0 0.4 0 1.4 0.5 0 0 0 0.6 0.15
11 06 0.2 0.2 0.6 0 0.3 0 0 0 0 0
11 14 0 0 0 0.6 0.2 0 0 0 0 0
12 11 2.4 0 0 1.0 0.9 0 0 0 0 0
12 19 5.8 0.2 0 0 1.5 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0.2 0 0 0 0.1 0 0 0 0 0
02 04 0 0 0 0 0.1 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0.2 0 0.6 0.6 0.4 0 0 0 0 0
04 03 0 0 0 0 0 0 0 0 0 0
04 141 0.4 0.2 2.8 0.2 0.9 0 0 0 0 0
05 01 2.0 0 3.0 0 1.3 0.6 0 1.0 0 0.40
05 13 4.4 1.0 0.8 0 1.6 18.8 0.4 9.8 0.8 7.45
05 26 13.4 1.4 5.8 1.0 5.4 1.8 0 2.4 0.2 1.10
06 12t 5.2 6.2 7.6 1.0 5.0 0.6 0.4 1.8 0.2 0.75
07 07 3.8 3.4 5.6 1.2 3.5 1.6 0.2 2.4 0.2 1.05
07 21 4.2 2.8 8.4 12.4 7.0 2.2 0 3.8 6.2 3.05
08 01 8.8 35.6 4.8 8.6 14.5 1.4 0.6 6.0 1.0 2.25
08 17 15.2 27.2 13.6 15.4 17.9 1.4 0.2 2.6 1.2 1.30
09 15t 4.2 0.6 3.0 1.8 2.4 0.4 0 0.8 0.4 0.40
10 26 2.4 0.6 2.8 0.2 1.5 0 0 0 0 0
3.24^__3.50 2.85 2.55 1.23 0.39 1.38_ 0 ,77
3. 375° 2. 696 0. 810 1. 075
aDate means; ^subarea means; carea means; ^drought; ctreatment dates
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Table 14. Continued.
—  r\
______________ X no. organisms per 0.09 ______________________
Onychylis nigrirostris Lixellus
__________(Adults_)________________   (Adults)____
Control Treated _a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0 0 0.4 0 0.10 0 0 0 0 0
05 27 0 0 0 0 0 0.2 0.4 0 0 0.15
06 lit 0 0 0 0 0 0.4 0.4 0 0 0.20
06 2*d 0 0 0 0 0 0 0 0 0.4 0.10
09 06 0.6 0 0 0 0.15 1.2 0.2 0 0 0.35
09 20t 0 0 0 0 0 0 0.2 0 0 0.05
10 04 0 0 0 0 0 0 0 0 0 0
10 18 0 0 0 0 0 0 0 0 0.2 0.05
11 06 0 0 0 0 0 0 0 0 0 0
11 14 0 0 0 0 0 0.2 0 0 0 0.05
12 11 0 0 0 0 0 0 0 0 0 0
12 19 0.2 0 0.2 0 0.10 0 0 0 0 0
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0 0 0 0 0 0 0 0 0
02 04 0 0 0 0 0 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0 0 0 0 0
04 03 0 0 0 0 0 0 0 0 0 0
04 14t 0 0 0 0 0 0 0 0 0 0
05 01 0.2 0 0 0 0.05 0.2 0 0 0 0.05
05 13 0 0 0 0 0 0.4 0 0 0 0.10
05 26 0 0 0.8 0 0.20 0.2 0 0 0 0.05
06 12t 0.2 0 0.2 0 0.10 0.2 0 0 0 0.05
07 07 0 0 1.0 0.2 0.30 0.6 0.2 0.6 0 0.35
07 21 0 0 0 0 0 0.4 0.2 0.6 0 0.30
08 01 3.0 0.4 0.8 0.2 1.10 0.4 0 0.4 0 0.20
08 17 0.2 0 0.4 0 0.15 0 0 0.2 0 0.05
09 15t 0 0 0.2 0 0.05 0 0 0.6 0.4 0.25
10 26 0.2 0 0 0 0.05 0.6 0 0.4 0 0.25
0.16b 0.01 0.14 0.01 O 1 0.06 0.10_0.03
0. 085° 0..076 0. 114 0. 066
aDate means; ^subarea means; carea means; ^drought; treatment dates
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Table 14. Continued.
X no. organisms per 0.09 2m
Tabanldae Muscidae
(Larvae) (Larvae)
Control Treated a Control Treated
Date Grasst vs Open Grass vs. Open X Grass vs Open Grass vs Open X
1974
05 14 0 0 0 0 0 0 0 0 0 0
05 27 0 0 0 0 0 0 0 0 0 0
06 lit 0 0.2 0 0 0.05 0 0 0 0 0
06 24 d 0 0.2 0 0 0.05 0 0 0 0 0
09 06 0 0.4 0.2 0.2 0.20 0 0 0 0.4 0,10
09 201 0 0 0.2 0 0.05 0 0 0 0 0
10 04 0 0 0.2 0 0.05 0.2 0 0 0 0.05
10 18 0 0.6 0.2 0.6 0.35 0 0 0 0 0
11 06 0.2 0 0.2 0.8 0.30 0 0 0.2 0 0.05
11 14 0. 2 0.2 0.2 0.4 0.25 0.2 0 0 0 0.05
12 11 0 0.2 0.4 1.2 0.45 0 0 0 0 0
12 19 0 0 0.2 0 0.05 0.2 0 0 0.2 0.10
1975
01 07 0 0 0 0 0 0 0 0 0 0
01 21t 0 0.2 0.2 0 0.10 0 0 0 0 0
02 04 0. 2 0.2 0 0 0.10 0 0 0 0 0
02 18 0 0 0 0 0 0 0 0 0 0
03 18 0 0 0 0 0 0.4 0 0 0 0.10
04 03 0 0 0 0 0 0 0 0 0 0
04 14 t 0 0 0.2 0 0.05 0 0 1.2 0 0.30
05 01 0 0 0 0 0 0 0 0 0 0
05 13 0 0 0 0 0 0 0 0 0.2 0.05
05 26 0 0 0 0 0 0 0 0 0 0
06 121 0 0 0.4 0 0.10 0 0 0 0 0
07 07 0 0 0.6 0 0.15 0 0 0 0 0
07 21 0. 2 0 0 0 0.05 0 0 0 0 0
08 01 0 0.2 0.4 0 0.15 0 0 0.2 0.2 0.10
08 17 0 0 0.2 0 0.05 0 0 0 0 0
09 15t 0 0 0.8 0 0.20 0 0 0 0 0
10 26 0.4 0 0.2 0___ 0.15 0 0__ 0.2 0 0.05
0.
b
04___0.08 0.17 0.12 0.03 0
v£>O•o _0.03
0.062c 0. 141 0.017 0.048
aDate means; ^subarea means; carea means; drought; ’'treatment dates
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Table 14. Continued.
—  2
X no. organisms per 0.09 m
Stratiomyidae Dolichopodidae
______(Larvae)___________________   (Larvae)____
Control Treated _a Control Treated
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0 0 0 0.2
05 27 0 0 0 0
06 lit 0 1.0 0 0
06 24d 0 0 0 0
09 06 0 0.2 0 0
09 20t 0 0.2 0.2 0.2
10 04 0 0 0.2 0
10 18 0 0 0 0.4
11 06 0 0 0 0
11 14 0 0 0 0.2
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21t 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0 0 0 0
04 L*t 0 0 0 0
05 01 0 0 0 0
05 13 0 0 0 0
05 26 0 0 0 0
06 12t 0 0 0 0
07 07 0.6 0 0.4 0
07 21 1.2 0 2.0 0.4
08 01 0 0 1.4 0.4
08 14 0.6 0 1.4 0.4
09 15t 0.4 0 0.8 0.4
10 26 0.8 0 0.2 0
0.14^__0.05 0.23 0.08
0.093° 0.115
0.05 0.2 0 0 0 0.05
0 0 0 0 0 0
0.25 0 0 0 0 0
0 0 0 0 0 0
0.05 0 0.6 0.4 0 0.25
0.15 0 0.4 0 0 0.10
0.05 0 0 0 0 0
0.10 0 0 0 0 0
0 0 0 5. 6 0 1.40
0.05 0 0 0 1.6 0.40
0 0 0 0.8 0 0.20
0 0.2 0 10.8 0.8 2.95
0 0.6 0 0.8 0.2 0.40
0 1.4 0 3.4 0 1.20
0 0 0 0 0 0
0 0 0 0 0 0
0 0.6 0 0 0 0.15
0 0.2 0 0 0 0.05
0 3.4 0 4.4 0.6 2.10
0 2.4 0.2 1.4 0.2 1.05
0 0.2 0 0.2 0 0.10
0 0 0 0 0 0
0 0 0 0 0 0
0.25 0 0 0 0 0
0.90 0 0 0 0 0
0.45 0 0 0 0 0
0.60 0 0 0 0 0
0.40 0 0 0 0 0
0.25 0 0 0 0 0
0,32____ 0.04 0 .96 _0.12
0 . 179 0 .538
3 , H t"
Date means; Psubarea means; carea means; drought; treatment dates
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Table 14. Continued.
—  2
X no. organisms per 0.09 m
Ephydridae Chironomidae
(Larvae )__________   (Larvae)_________
Control Treated _a Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.6 0 5.6 4.0 2.6 2.8 51.4 4.8 71.0 32.5
05 27 5.6 0.8 2.0 1.4 2.5 0.2 0 0.2 0 0,1
06 lit 1.0 0.4 0.6 0.6 0.7 0.8 1.2 2.2 1.4 1.4
06 24d 0.2 1.0 0.4 3.2 1.2 8.2 6.4 0.8 0 3.9
09 06 0.2 0.2 0.2 0.2 0.2 0 0 0.2 0 0.1
09 20t 1.0 0 1.0 1.4 0.9 0 0 0 2.2 0.6
10 04 1.8 0 1.4 0.2 0.9 1.6 1.0 4.6 3.6 2.7
10 18 0 0 0 3.6 0.9 4.4 2.0 3.4 64.6 18.6
11 06 1.2 0.2 13.4 4.0 4.7 58.2 14.8 101.4 6.6 45.3
11 14 7.0 1.8 5.2 17.2 7.8 16.0 5.4 4.2 8.8 8.6
12 11 37.6 1.0 21.6 9.2 17.4 5.2 1.0 2.0 18.0 6.6
12 19 0.4 6.4 17.2 23.2 11.8 0.8 0.2 4.4 0.8 1.6
1975
01 07 0.4 0.2 8,0 0.8 2.4 0.4 1.6 1.8 1.2 1.3
01 21t 0.8 1.0 9.0 0.4 2.8 0.2 3.2 2.4 16.8 5.7
02 04 26.4 7.8 0.8 0.8 9.0 2.6 3.2 2.4 21.2 7.4
02 18 4.2 0.4 0.2 0 1.2 1.8 10.4 5.8 9.6 6.9
03 18 1.4 0.2 0.2 0.6 0.6 1.8 3.4 2.8 16.2 6.1
04 03 1.6 0.2 0 0 0.5 3.6 30.0 130.6 124.8 72.3
04 14t 3.2 0.2 3.2 0 1.7 20.6 100.4 1.0 84.0 51.5
05 01 6.4 0.4 14.6 0.2 5.4 20.4 410.8 9.6 388.4 207.3
05 13 37.6 0.2 13.0 0.2 12.8 25.6 185.0 2.8 46.4 65.0
05 26 11.8 0 9.2 0.4 5.4 18.2 66.8 8.8 0.2 23.5
06 121 15.2 2.8 7.8 0 6.5 0.2 3.4 1.4 3.2 2.1
07 07 9.4 0.2 3.2 0 3.2 0 3.6 3.8 6.0 3.4
07 21 0.8 0 2.0 0 0.7 1.0 5.2 1.8 7.2 3.8
08 01 2.6 0.4 11.4 0.8 3.7 0.8 3.4 0.6 4.2 2.3
08 17 1.6 0.6 4.0 1.6 1.7 0.2 0.4 0.2 0.6 0.4
09 15t 0.2 1.8 4.2 3.8 2.5 0.4 5.0 2.4 2.2 2.5
10 26 2.6
6.30b
3.
0.8
1.00
651°
12.4
5.93
4.
0.8
2.70
313
4.0 10.4
7.12_ 
19.
12.8
__32.14 
631
11.8
10.98
21
38.6
_32.68 
.831
18.4
• c d ^
aDate means; subarea means; area means; drought; treatment dates
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Table 14. Continued.
X no. organisms per 0.09 m 2
Gambusia affinis Jordanella floridae
 (Mixed Ages)______________   (Mixed Ages)____
Control Treated _ a  Control Treated _
Date Grass vs Open Grass vs Open X Grass vs Open Grass vs Open X
1974
05 14 0.4 0.4 0.2 0
05 27 0 0.2 0 0.4
06 lit 1.4 0.6 0.4 0.8
06 24d 7.0 1.6 5.4 3.8
09 06 0 0 0 0
09 20t 0 0.2 0.6 0
10 04 1.2 0 2.0 3.2
10 18 0 0 3.8 3.6
11 06 0 0 0.8 1.8
11 14 0 0.2 1.0 1.4
12 11 0 0 0.4 0
12 19 0.2 0 0 0
1975
01 07 0 0 0 0
01 21t 0 0 0.2 0
02 04 0 0 0 0
02 18 0.2 0 0 0
03 18 0 0 0 0
04 03 0 0 0.4 0.2
04 141 0 0 0 0
05 01 0 0.2 0.2 1.8
05 13 0.6 0.6 0 - 2.0
05 26 0.8 0.2 0 0
06 12t 0 0.2 0.4 0.4
07 07 1.8 0.4 1.4 0.2
07 21 2.8 0 2.4 1.6
08 01 1.2 2.2 1.8 1.2
08 17 2.2 2.8 4.8 7.2
09 15t 7.4 1.8 3.6 12.4
10 26 11.0 6.2 4.2 1.4
1.32b 0.61 1.17 1.50
0.996c 1.334
0.25 0 0 0 0 0
0.15 0 0 0 0 0
0.80 0 0 0 0 0
4.45 0 0 0 0 0
0 0 0 0 0 0
0.20 0 0 0 0 0
1.60 0 0 0 0 0
1.60 0 0 0 0 0
0.65 0 0 0 0 0
0.65 0 0 0 0 0
0.10 0 0 0 0 0
0.05 0 0 0 0 0
0 0 0 0 0 0
0.05 0 0 0 0 0
0 0 0 0 0 0
0.05 0 0 0 0 0
0 0 0 0 0 0
0.15 0 0 0 0 0
0 0 0 0 0 0
0.55 0 0 0 0 0
0.80 0 0. 2 0 2.2 0.60
0.25 0.2 0 0 0.8 0.25
0.25 0 0 0 0.6 0.15
0.95 0 0. 2 0 0.2 0.10
1.70 0 0. 8 0 0 0.20
1.60 0 0 0 0 0
4.25 0 0 0 0 0
6.30 0 0 0 0 0
5. 70 0 0 0__ 0 0
0.01 0. 04 0 0.13
0.024 0.066
2 Jj c d t
Date means; subarea means; area means; drought; treatment dates
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Table 15. Incidence of aquatic organisms collected sporadically in a
Louisiana coastal marsh habitat ■
2X no. organisms per 0.09 m
Isopoda Cladocera Ostracoda Copepoda
Date Asellus
1974
05 14 0.43a 0 0 0
05 27 0.23 0 0.03 0.05
06 11 0.10 0 0 0
06 24 0 0 0 0
09 06 0 0 0 0
09 20 0.20 0 0 0
10 04 0 0 0 0
10 18 0 0 0 0
11 06 0 0 0 0
11 14 0 0 0 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0.10 0 0
01 21 0.03 0.23 0 0
02 04 0.07 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0.10 0.07 0 0
04 14 0.03 0 0 0
05 01 0.27 0 0 0
05 13 0.03 0 0 0
05 26 0 0 0 0
06 12 0 0 0 0
07 07 0 0 0 0
07 21 0 0 1.90 0
08 01 1.10 0 0 0
08 17 0 0 0.03 0
09 15 0 0 0 0
10 26 0 0 0.73 0
0.090b 0.014 0.093 0.001
aDate mean; ^grand mean
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Table 15. Continued.
—  o
X no. organisms per Q.Q9 m
Isotomidae Hydracarina Ranidae Poeciliidae
Isotomura Rana Heterandria
Date palustris (Tadpoles) formosa
1974 
05 14 0a 0 0.03 0.20
05 27 0 0.03 0.10 0.05
06 11 0 0.03 0 0.60
06 24 0 0 0.13 1.75
09 06 0 0.03 0 0
09 20 0 0.07 0 0
10 04 0 0 0.03 0
10 18 0 0.03 0 0
11 06 0 0 0 0
11 14 0 0 0.03 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0.03 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0.33 0.03 0 0
04 14 0 0.03 0 0
05 01 0.07 0 0 0
05 13 0 0.03 0 0
05 26 0 0.07 0.10 0
06 12 0 0 0 0
07 07 0 0 0 0
07 21 0 0.10 0.03 0
08 01 0 0.07 0.07 0.05
08 17 0 0.07 0 0.75
09 15 0 0 0.15 0.85
10 26 0 0 0 0
0.014b 0.021 0.029 0.126
q D
Date mean; grand mean
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Table 15. Continued.
X no. organisms per 0.09 m^
Date
Notonectidae 
Notcmecta 
undulata 
(Mixed Ages)
Naucoridae 
Pelocoris 
femoratus 
(Mixed Ages)
Nepidae 
Ranatra 
australis 
(Mixed Ages)
Veliidae 
Microvelia 
pulchella 
(Adults)
1974 
05 14 0a 0 0 0
05 27 0 0 0 0
06 11 0 0.03 0.03 0
06 24 0 0 0 0
09 06 0 0 0 0
09 20 0 0 0 0
10 04 0.26 0 0 0
10 18 0.26 0 0 0
11 06 0 0 0.03 0
11 14 0.30 0 0 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0.06 0 0 0
12 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0 0 0 0.03
04 14 0 0 0 0
05 01 0 0 0 0
05 13 0.03 0 0.03 0
05 26 0 0 0.03 0
06 12 0 0.10 0.03 0
07 07 0.06 0.06 0.03 0
07 21 0 0.26 0.01 0
08 01 0 0.26 0 0
08 17 0.03 0.26 0 0
09 15 0 0.20 0 0
10 26 0 0.13 0 0
0.020b 0.044 0.010 0.001
b ,Date mean; grand mean
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Table 15. Continued.
X no. organisms per 0.09 m2
Hebridae Saldidae Libellulidae
Hebrus Microcanthia Libellula
consolidus husseyi
Date (Mixed Ages) (Mixed Ages) (Larvae)
1974
05 14 oa 0.03 0
05 27 0 0 0
06 11 0 0 0
06 24 0 0 0
09 06 0 0 0
09 20 0 0 0
10 04 0 0 0
10 18 0 0 0.03
11 06 0 0 0.03
11 14 0 0 0
12 11 0 0 0
12 19 0 0 0
1975
01 07 0 0 0
01 21 0 0 0
02 04 . 0 0 0.07
02 18 0 0 0.03
03 18 0.10 0 0
04 03 0 0 0.03
04 14 0 0.03 0
05 01 0 0.06 0.03
05 13 0.03 0 0
05 26 0 0 0
06 12 0 0 0.07
07 07 0 0 0.20
07 21 0.03 0 0.17
08 01 0 0 0
08 17 0 0 0
09 15 0 0 0
10 26 0 0 0.03
0.006b 0.005 0.028
a h
Date mean; grand mean
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Table 15. Continued.
o
X no. organisms per 0.09 m
Acilius
Dytiscidae 
Uvaris lacustris Copelatus Hydrovatus
sp . Neobidessus pullus caelatipennis sp .
Date (Larvae) (Adults) (Adults) (Larvae)
1974
05 14 0a 0.05 0 0
05 27 0 0 0 0
06 11 0 0.05 0 0
06 24 0 0.05 0 0
09 06 0.17 0 0 0
09 20 0.40 0 0.03 0
10 04 0 0.05 0.03 0
10 18 0 0 0 0
11 06 0 0 0 0
11 14 0 0 0 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0.05 0 0
04 03 0 0 0 0.07
04 14 0 0.10 0 0
05 01 0 0 0 0.07
05 13 0.03 0 0 0
05 26 0 0 0 0
06 12 0 0.05 0 0
07 07 0 0 0 0
07 21 0 0 0 0
08 01 0 0 0 0
08 17 0 0 0 0
09 15 0 0 0 0
10 26 0 0 0 0
0.021b 0.018 0.002 0.005
& bDate mean; grand mean
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Table 15. Continued.
X no. organisms per 0.09 tn
Date
Hygrotus
spp.
(Larvae)
Dytiscidae 
Thermonectus Thermonectus
ornaticola basallaris
(Adults) (Adults)
Thermonectus
spp.
(Larvae)
1974 
05 14 0a 0 0 0
05 27 0 0 0 0
06 11 0 0 0 0
06 24 0 0.07 0 0
09 06 0 0.03 0 0
09 20 0 0.10 0 0
10 04 0 0.03 0.17 0
10 18 0 0.07 0.23 0
11 06 0 0 0 0
11 14 0.10 0 0 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0 0 0 0
04 14 0 0 0 0
05 01 0.03 0 0 0
05 13 0 0 0 0.03
05 26 0.03 0 0 0
06 12 0 0 0 0
07 07 0.13 0.07 0 0
07 21 0.30 0.03 0 0
08 01 0.13 0.03 0 0
08 17 0.17 0.03 0 0
09 15 0.26 0 0 0
10 26 0 0.03 0 0
0.041b 0.017 0.014 o.oo:
Date mean; grand mean
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Table 15. Continued.
—  2 
X no. organisms per 0.09 m
Dytiscidae Hydrophilidae
Cybister Cybister Hydrochus Helophorous
fimbriolatus sp. sp. sp.
Date (Adults) (Larvae) (Adults) (Adults)
1974
05 14 0a 0.03 0 0
05 27 0 0 0 0
06 11 0 0 0 0
06 24 0 0.33 0 0
09 06 0 0 0.07 0
09 20 0 0.03 0 0
10 04 0 0.17 0.03 0
10 18 0 0.07 0.10 0
11 06 0 0 0.10 0.07
11 14 0 0 0 0.03
12 11 0 0 0.03 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0.03 0
04 03 0 0 0.07 0
04 14 0 0 0.03 0
05 01 0 0 0.07 0
05 13 0 0 0 0
05 26 0.03 0.03 0 0.03
06 12 0.03 0.07 0 0
07 07 0 0.03 0 0
07 21 0 0.10 0 0
08 01 0 0.10 0 0
08 17 0 0.07 0 0
09 15 0 0.07 0 0
10 26 0 0 0 0
b
0.002 0.038 0.018 0.005
aDate mean; ^grand mean
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Table 15. Continued.
— 2
X no. organisms per 0.09 m
Enochrus
hamiltoni
Hydrophilidae 
Enochrus Tropisternus 
ochraceus blachleyi
Tropisternus
collaris
Date (Adults) (Adults) (Adults) (Adults)
1974
05 14 0a 0 0.10 0
05 27 0 0 0.03 0
06 11 0 0 0 0
06 24 0 0 0.10 0.03
09 06 0 0 0 0
09 20 0 0 0 0.03
10 04 0.07 0 0 0
10 18 0 0.20 0.07 0.03
11 06 0 0 0.03 0.20
11 14 0 0 0.03 0.03
12 11 0 0 0.07 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0.37 0 0 0
04 03 0.03 0 0 0
04 14 0 0.23 0 0
05 01 0-10 0.17 0 0.07
05 13 0.03 0 0 0
05 26 0.07 0.20 0 0.07
06 12 0.03 0 0.03 0
07 07 0 0 0 0
07 21 0 0 0 0
08 01 0 0 0 0
08 17 0 0 0 0
09 15 0 0 0 0
10 26 0 0 0.07 0.03
0.024b 0.028 0.018 0.017
aDate mean; grand mean
129
Table 15. Continued.
X no. organisms per 0.09 m2
Hydrophilidae Cure ulionidae
Anacena Cercyon
sp. spp.
Date (Larvae) (Larvae) (Larvae)
1974
05 14 0a 0 0.07
05 27 0.03 0 0
06 11 0 0 0.03
06 24 0 0 0
09 06 0 0 0
09 20 0 0 0.03
10 04 0 0 0
10 18 0 0.07 0.03
11 06 0 0 0
11 14 0 0 0
12 11 0 0 0
12 19 0 0.03 0
1975
01 07 0 0 0
01 21 0 0 0.16
02 04 0 0 0
02 18 0 0 0
03 18 0 0.17 0
04 03 0 0 0
04 14 0 0 0
05 01 0 0 0
05 13 0 0 0.10
05 26 0 0 0
06 12 0 0 0
07 07 0 0 0
07 21 0 0 0.10
08 01 0 0 0
08 17 0 0 0.03
09 15 0 0 0.10
10 26 0 0 0
0-001b 0.009 0.023
bDate mean; grand mean
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Table 15. Continued.
— 2 
X no. organisms per 0.09 m
Notoridae Phalacridae Hydraenidae
Colpius Bronoterus Ochthebius
inflatus semipunctatus sp.
Date (Adults) (Adults) (Adults) (Adults)
1974
05 14 0a 0 0.03 0
05 27 0 0 0 0
06 11 0 0.03 0.03 0
06 24 0 0 0.03 0
09 06 0 0 0.03 0.03
09 20 0 0 0.03 0
10 04 0 0 0 0
10 18 0 0 0 0
11 06 0 0 0 0
11 14 0 0 0 0
12 11 0 0 0 0
12 19 0 0 0.03 0
1975
01 07 0 0 0 0
01 21 0 0 0.03 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0.23 0
04 03 0 0 0 0
04 14 0 0 0.23 0
05 01 0 0 0.20 0
05 13 0 0.03 0.07 0
05 26 0 0 0 0
06 12 0 0 0.33 0
07 07 0.03 0 0.43 0
07 21 0 0 0.10 0
08 01 0 0 0.13 0
08 17 0 0.03 0.03 0
09 15 0 0.27 0.03 0
10 26 0.03 0.33 0 0
0.002b 0.023 0.068 0.001
aDate mean; grand mean
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Table 15. Continued.
—  p
X no. organisms per 0.09 m
Tipulidae Heleidae Syrphidae Psychodidae
Psychoda
sp.
Date (Larvae) (Larvae) (Larvae) (Larvae)
1974 
05 14 0a 0.27 0 0a
05 27 0 0 0 0.05
06 11 0 0 0 0
06 24 0 0.07 0 0
09 06 0 0 0 0
09 20 0 0 0 0
10 04 0 0 0.07 0
10 18 0 0 0 0
11 06 0 0 0.07 0.05
11 14 0 0 0 0
12 11 0 0 0 0
12 19 0.03 0 0 0
1975
01 07 0 0 0 0
01 21 0 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0.03 0 0 0.55
04 03 0 0 0 0
04 14 0 0 0 0
05 01 0 0 0 0.05
05 13 0 0.03 0 0.35
05 26 0 0.03 0 0
06 12 0 0.03 0 0
07 07 0 0.10 0 0
07 21 0 0.07 0 0
08 01 0 0.20 0 0
08 17 0 0.03 0 0
09 15 0 0 0 0
10 26 0.20 1.17 0.03 0
o.oiob 0.067 0.005 0.0361
a b
Date mean; grand mean
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Table 15. Continued.
X no.
O
organisms per 0.09 m
Cyprinodontidae Cyprinidae Lepisosteidae Atherinidae
Cypinodon Cyprinus Lepisosteus Menidia
varieeatus carpio oculatus audens
Date (Adults) (Immatures) (Immatures) (Mixed Ages)
1974 
05 14 0a 0 0 0
05 27 0 0 0 0
06 11 0 0 0 0
06 24 0 0 0 0
09 06 0 0 0 0
09 20 0 0 0 0
10 04 0 0 0 0
10 18 0 0 0 0
11 06 0 0 0 0
11 14 0 0 0 0
12 11 0 0 0 0
12 19 0 0 0 0
1975
01 07 0 0 0 0
01 21 0.03 0 0 0
02 04 0 0 0 0
02 18 0 0 0 0
03 18 0 0 0 0
04 03 0 0 0 0
04 14 0 0 0 0
05 01 0 0 0 0
05 13 0 0.03 0.07 0
05 26 0 0.03 0 0.07
06 12 0 0 0 0.07
07 07 0 0 0 0.07
07 21 0 0 0 0.23
08 01 0 0 0 0
08 17 0 0 0 0
09 15 0 0 0 0
10 26 0 0 0 0
0.001b 0.002 0.002 0.015
Date mean; grand mean
CONCLUSIONS
The following conclusions are drawn from the data 
presented in this manuscript.
(1) This research demonstrated that six applications 
of Dimilin (28 gm Al/ha) over an 18-month period produced statis­
tically significant differences in aquatic organisms when treated 
and untreated populations were compared. Aquatic populations of 
5 taxa were significantly (P<0.01) reduced while those of 14 
taxa were significantly (P<0.05 -0.01) increased after exposure 
to Dimilin. The remaining taxa analyzed indicated no statis­
tically significant differences when the treated and untreated 
populations were compared. The biological significance of the 
statistical differences could not be determined.
(2) The method of collecting and processing environ­
mental samples effectively provided quantitative and qualitative 
data. The experimental design was extremely sensitive and enabled 
the detection of statistical differences as small as a fraction
of one insect per sample unit between the treated and untreated 
populations of aquatic organisms. The methodology used was 
efficient, effective and inexpensive.
(3) A significant contribution was made relative to the 
biological complexities of a Louisiana intermediate marsh. A 
comprehensive checklist covering 3 phyla of aquatic organisms
133
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was compiled. The seasonal distribution, habitat preference and 
population density data for these organisms was established based 
on this 18-month study.
(4) This research has provided a starting point for 
further biological and ecological investigations into the complex 
ecological relationships of the coastal marsh fauna. The methodo­
logy and biological information presented in this study will enhance 
such investigations.
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